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(54) DISPLAY CONTROLLER 

(57)Abstract: 

PURPOSE: To provide the display controller which scrolls a desired display line on 
a display screen, pixel by pixel, to the right and left. 

CONSTITUTION: A CPU 1 writes the code of a character to be displayed in a 
display RAM 4 corresponding to the liquid crystal display position and then an 
optional character is read out of a character generator ROM 5 and displayed. This 
controller is provided with a scroll display line specification register 15 which 
specifies an optional display line to be scrolled and a scroll dot quantity register 16 
which specifies a scroll quantity in pixel units; and a scroll shift register 1 1 delays 
character data of the specified display line by a specified number of dots and 
supplies the character data to a segment-side shift register 12. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the pattern which becomes the display device of a large number arranged in the shape of a dot 
matrix in the crossover location of a scan electrode and a signal electrode from two or more pixels — a 
predetermined digit count — with — **** — it being the display control which carries out a display 
control, and the above-mentioned scan electrode with the 1st drive circuit which carries out a time- 
sharing drive The 2nd drive circuit which holds a pixel data stream for every drive change-over spacing 
of the above-mentioned scan electrode, and drives the above-mentioned signal electrode, The pattern 
data memory which outputs the pixel data of the display pattern according to the code data read from 
the display RAM which can store the code data more than the above-mentioned predetermined digit 
count, and the above-mentioned display RAM one by one, The pixel data stream by which a sequential 
output is carried out from the above-mentioned pattern data memory is inputted, and timing which 
supplies this to the drive circuit of the above 2nd is ******** carried out by the pixel data unit. The 
pixel data stream supply circuit in which an output is possible in the 2nd drive circuit, The display 
control characterized by being what is equipped with the amount control means of scrolling which 
controls the amount of gaps of the output timing of the above-mentioned pixel data stream supply 
circuit to adjustable, and changes. 

[Claim 2] The display control according to claim 1 characterized by being what is further equipped with 
the scrolling display-line control means which controls to adjustable the display line of the pixel data 
stream which should shift output timing by the pixel data stream supply circuit, and changes. 
[Claim 3] The display control according to claim 1 or 2 characterized by being what is further equipped 
with the scrolling digit control means which controls to adjustable the digit place of the pixel data 
stream which should shift output timing by the pixel data stream supply circuit, and changes. 
[Claim 4] The above-mentioned pixel data stream supply circuit is the display control of three claim 1 
characterized by being what is equipped with the selection circuitry which chooses one node from the 
input of each storage stage of the shift circuit which holds to a serial the pixel data stream by which a 
sequential output is carried out from the above-mentioned pattern data memory one by one per pixel , 
and the above-mentioned shift circuit , or an output node , and is considered as an output , and changes 
thru/or given in any 1 term . 

[Claim 5] The above-mentioned amount control means of scrolling is a display control according to claim 
4 characterized by being what is equipped with the 1st storage means which memorizes possible 
[ rewriting of the amount of scrolling for directing the amount of gaps of the output timing in the above- 
mentioned data stream supply circuit ], and gives the memorized amount of scrolling to the above- 
mentioned selection circuitry, and changes. 

[Claim 6] The 2nd storage means which memorizes the above-mentioned amount control means of 
scrolling possible [ rewriting of the scrolling line which should scroll ], The line detector which detects 
whether the current display line is in agreement with the scrolling line specified with the 2nd storage 
means, The display control according to claim 5 characterized by being what is equipped with the gate 
circuit which enables supply of the amount of scrolling which the storage means of the above 1st holds 
when coincidence is detected in a top Noriyuki detector to the above-mentioned selection circuitry, and 
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changes. 

[Claim 7] The above-mentioned scrolling digit control means is a display control according to claim 5 or 
6 characterized by being what is equipped with the digit detector which detects whether it is in 
agreement at the scrolling digit by which the 3rd storage means and current display digit memorized 
possible [ rewriting of the display digit which should scroll among scrolling lines ] were specified as the 
3rd storage means, and changes. 

[Claim 8] The above-mentioned amount control means of scrolling is a display control claim 1 
characterized by being what is equipped with the scrolling counter which updates and outputs the 
amount of scrolling for directing the amount of gaps of the output timing in the generating circuit and 
the above-mentioned data stream supply circuit of a scrolling periodic signal for specifying a scroll rate 
while synchronizing with change of the above-mentioned scrolling periodic signal, and changes thru/or 
given [ three ] in any 1 term. 

[Claim 9] The 1st control information for the above-mentioned amount control means of scrolling to 
specify the period of a scrolling periodic signal to the generating circuit of the above-mentioned scrolling 
periodic signal, The 4th storage means memorized possible [ rewriting of the 2nd control information 
which shows the count direction over the above-mentioned scrolling counter, and the 3rd control 
information which directs the whole amount of scrolling ], The display control according to claim 8 
characterized by being what is further equipped with the scrolling termination detector where the output 
of the above-mentioned scrolling counter detects having reached the 3rd control information memorized 
by the storage means of the above 4th, and resets a scrolling counter, and changes. 
[Claim 10] It has an interface means for carrying out the interface of the above-mentioned storage 
means to the exterior. This above-mentioned interface means The internal bus combined with the input 
of the above-mentioned storage means, and a serial clock input terminal, A serial data input terminal 
and the serial store circuit which consists of two or more latch circuits combined with the serial data 
input terminal, The parallel data latch circuit by which each output node of the latch circuit of 
predetermined two or more stages included in the above-mentioned serial store circuit was combined 
with the juxtaposition input terminal, and the juxtaposition output terminal was connected to the above- 
mentioned internal bus, The sync bit train detector which outputs the 1 st signal when they are 
predetermined logical values in juxtaposition in response to the fact that the output of the latch circuit 
by which an output is combined with the input of the above-mentioned juxtaposition latch circuit, and 
other latch circuits, The access-control information latch circuit which incorporates the storage 
information on latch circuits other than the latch circuit by which the output was combined with the 
input of the above-mentioned logical circuit with the 1st signal, the 1st signal of the above — counting - 
- the display control of nine claims 5 and 6 characterized by being what is equipped with the transfer 
sequence control counter which actuation is reset and controls the latch timing of the above-mentioned 
parallel data latch circuit according to the enumerated data, and changes, or given in any 1 term. 
[Claim 11] It is the display control according to claim 10 which an output is combined with a serial data 
output terminal while an input is combined with an internal bus by juxtaposition with a serial data output 
terminal, and is further equipped with the parallel/serial-conversion circuit where a serial output 
synchronizes with the above-mentioned serial clock signal, and is characterized by the above-mentioned 
transfer sequence control counter being what generates the control signal which controls the output 
initiation timing of the above-mentioned parallel/serial-conversion circuit according to the enumerated 
data further. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is applied to the liquid crystal display control unit which is applied 
to a display-control technical pan at the scrolling technique in liquid crystal drive control, fluorescence 
tubing drive control, etc., for example, performs a character display with a dot-matrix gestalt using a 
character generator ROM, and relates to an effective technique. 
[0002] 

[Description of the Prior Art] The liquid crystal display control unit of the character generator method 
as one of the display-control gestalten consisted of RAM for a display (it abbreviates to DDRAM 
hereafter) which stores a character code, a display address counter which reads the character 
generators RAM, ROM (it is described as Following CGRAM and CGROM), and DDRAM which store 
character patterns, such as a character font, according to the activation point of a liquid crystal display 
panel, and a liquid crystal drive circuit which performs the drive of a liquid crystal display panel. Here, a 
central processing unit (it abbreviates to CPU hereafter) writes the character code corresponding to the 
character which displays on a liquid crystal display panel in DDRAM. A display address counter reads 
DDRAM one by one according to the activation point of a liquid crystal display panel, and reads a 
character pattern for the read character code from CGRAM or CGROM as a part of address. It is sent 
to the shift register in a liquid crystal drive circuit one by one as lighting / astigmatism LGT data of 
liquid crystal, when the data for one line are stored, all liquid crystal driver circuits output lighting / 
astigmatism LGT voltage level all at once, and the character pattern read one by one drives a liquid 
crystal display panel. In addition, since each character consists of two or more Rhine perpendicularly, it 
needs to repeat the above-mentioned control only several Rhine minutes of a character for every 
display line, and needs to perform it. 

[0003] When scrolling continuously two or more characters on the display screen by the alphabetic 
character the left or rightward with the liquid crystal display control unit using a character code here, 
there are two kinds of following implementation means, the read-out starting address of the display 
address counter which reads DDRAM the first — a sequential increment — or it displays and scrolls, 
carrying out a decrement and shifting the read-out location of one character of DDRAM at a time right 
and left. Moreover, the second scrolls, rewriting by CPU shifting the character code of one character in 
DDRAM at a time the left or rightward. Although the burden of the former of CPU is light, two or more 
display lines of all of the display screen will scroll it to coincidence. Moreover, although the latter can 
scroll only the specific display line alternatively, whenever it shifts one character, it is necessary to 
rewrite all the character codes in DDRAM corresponding to the scrolling display line, and the burden of 
CPU becomes large. Since the former and the latter can furthermore scroll only in character, if two or 
more characters are scrolled continuously, a graphic character will not move to right and left smoothly 
on the display screen, but will become a discrete unnatural scrolling display. 

[0004] On the other hand, in the liquid crystal display control unit of the bit map format as another 
gestalt of a display control, smooth scrolling (it is only described also as smooth scrolling below) can be 
performed visually. That is, using the liquid crystal display control unit which carried the bit map memory 
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(it abbreviates to BPRAM hereafter) which has lighting / astigmatism LGT information on a display in 
each pixel unit, the CPU itself generates a character pattern, it writes a character pattern in direct 
BPRAM, and shifts and rewrites 1 pixel of data in BPRAM corresponding to a further specific display line 
at a time right and left. However, in this case, compared witli the liquid crystal display control unit using 
a character code, it having to have mass BPRAM and CPU need to rewrite the data of BPRAM 
frequently, the point of the burden of CPU increasing remarkably must be taken into consideration, and 
if high CPU of a throughput is not used for performing smooth scrolling efficiently, practical use is not 
borne, in addition, the "microcomputer handbook" published from Ohm-Sha, Ltd. on December 25, 
Showa 60 as an example of the reference with which the display-control technique of a character 
generator method and a bit map was indicated — there is the 171st page. 
[0005] 

[Problem(s) to be Solved by the Invention] Smooth scrolling could not be performed in the liquid crystal 
display control unit having the character generator of the conventional dot-matrix method, and such 
smooth scrolling was not able to be alternatively performed only to the specific display line, either. Such 
smooth scrolling was not able to be alternatively performed only to the specific display digit of the 
further specific display lines, either. Although the scrolling display of the display line of arbitration is 
realizable with software in the liquid crystal display control device which carried BPRAM since all CPUs 
have managed character pattern data, CPU will need to rewrite all the contents of BPRAM 
corresponding to the scrolling display line, whenever it moves 1 pixel, and the burden of CPU will 
become remarkably large. 

[0006] Furthermore, when a liquid crystal display control device operated in response to control of a 
CPU like a microcomputer or a data processor, if the interface procedure for transmission of the 
read/write information on Display RAM or control data is special, in order to control the liquid crystal 
display control device concerned, the width of face of selection of available CPU was also restricted, 
and it was found out by this invention person that the burden of CPU also increases further. When 
solving the point also in relation with the above-mentioned smooth scrolling, the transmission efficiency 
of control information required in order to perform smooth scrolling per the arbitration display line, an 
arbitration display digit, and dot of arbitration could be raised, and leading to derating of CPU was found 
out by this invention person. 

[0007] The purpose of this invention is to offer the display control which can realize smooth scrolling in 
the display control in a character generator format. Another purpose of this invention is to offer the 
display control which can realize the above-mentioned smooth scrolling to the display line of arbitration. 
Moreover, it is in offering the display control which can realize the above-mentioned smooth scrolling to 
the display digit of arbitration. Still more nearly another purpose of this invention is to offer the display 
control which mitigates the burden of CPU and can realize the above-mentioned smooth scrolling. Other 
purposes of this invention are to offer the display control contributed to extending the room of selection 
of CPU which can be used for the above-mentioned smooth scrolling also in the point of an interface 
with CPU. The purpose of others of this invention can perform an interface with a CPU like a data 
processor or a microcomputer using a mere serial clock, and is to offer the display control which does 
not restrict CPU available as a control subject substantially. 

[0008] The other purposes and the new description will become clear from description and the 

accompanying drawing of this specification along [ said ] this invention. 

[0009] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained 
among invention indicated in this application. 

[0010] namely, the pattern which becomes the display device of a large number arranged in the shape of 
a dot matrix in the crossover location of a scan electrode and a signal electrode from two or more pixels 
— a predetermined digit count — with — **** — the display control which carries out a display control 
with the 1 st drive circuit which carries out the time-sharing drive of the above-mentioned scan 
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electrode The 2nd drive circuit which holds a pixel data stream for every drive change-over spacing of 
the above-mentioned scan electrode, and drives the above-mentioned signal electrode, The pattern 
data memory which outputs the pixel data of the display pattern according to the code data read from 
the display RAM which can store the code data more than tine above-mentioned predetermined digit 
count, and the above-mentioned display RAM one by one, The pixel data stream by which a sequential 
output is carried out from the above-mentioned pattern data memory is inputted, and timing which 
supplies this to the drive circuit of the above 2nd is ******** carried out by the pixel data unit. The 
pixel data stream supply circuit in which an output is possible in the 2nd drive circuit, The amount of 
gaps of the output timing of the above-mentioned pixel data stream supply circuit is constituted 
including the amount control means of scrolling controlled to adjustable. 

[001 1] In order to make adjustable the display line which should scroll, the scrolling display line control 
means which controls to adjustable the display line of the pixel data stream which should shift output 
timing by the pixel data stream supply circuit is adopted further. 

[0012] In order to make the above-mentioned pixel data stream supply circuit into a shift type of circuit, 
it can constitute "Resemble the selection circuitry which chooses one from the input of each storage 
stage of the shift circuit which holds to a serial the pixel data stream by which a sequential output is 
carried out from the above-mentioned pattern data memory one by one per pixel, and the above- 
mentioned shift circuit, or an output node, and is considered as an output." In this case, in order to 
guarantee a high degree of freedom to a setup and its modification timing of the amount of gaps of a 
pixel data stream and to enable it to specify a scrolling mode as arbitration, the 1st storage means 
which memorizes possible [ rewriting of the amount of scrolling for directing the amount of gaps of the 
output timing in the above-mentioned data stream supply circuit ] as an amount control means of 
scrolling, and is given to the above-mentioned selection circuitry is employable, moreover, in the 
configuration, to the amount control means of scrolling for enabling assignment of a scrolling line with 
arbitration The 2nd storage means memorized possible [ rewriting of a scrolling line ] and the line 
detector which detects whether the current display line is in agreement with the scrolling line specified 
with the 2nd storage means, When coincidence is detected in a top Noriyuki detector, the gate circuit 
which enables supply of the amount of scrolling which the storage means of the above 1st holds to the 
above-mentioned selection circuitry can be adopted. 

[0013] Furthermore, the 3rd storage means memorized possible [ rewriting of the scrolling digit which 
scrolls among scrolling lines in the configuration ], The digit detector which detects whether it is in 
agreement with the scrolling digit as which the current display digit was specified with the 3rd storage 
means, and the gate circuit which enables supply of the amount of scrolling which the storage means of 
the above 1st holds to the above-mentioned selection circuitry when coincidence detection is carried 
out in the above-mentioned line detector and a digit detector are employable. 

[0014] It is employable in the generating circuit of the scrolling periodic signal for specifying a scroll rate, 
i.e., the spacing time amount of scrolling actuation, in the amount control means of scrolling for [ of a 
scroll rate and the amount of scrolling ] updating autonomously serially, and the scrolling counter which 
updates and outputs the amount of scrolling which directs the amount of gaps of the output timing of 
the above-mentioned data stream supply circuit while synchronizing with change of the above- 
mentioned scrolling periodic signal. In order to make the autonomous control action perfect furthermore 
The 1st control information for specifying the period of a scrolling periodic signal to the generating 
circuit of the above-mentioned scrolling periodic signal, The 4th storage means memorized possible 
[ rewriting of the 2nd control information which shows the count direction over the above-mentioned 
scrolling counter, and the 3rd control information which directs the whole amount of scrolling ], The 
scrolling termination detector where the output of the above-mentioned scrolling counter detects having 
reached the 3rd control information memorized by the storage means of the above 4th, and resets a 
scrolling counter can be added further. 

[0015] When CPUs, such as an external data processor and a microcomputer, carry out a data setup to 
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the above 1st, 2nd, or 3rd storage means, it has an interface means with that. The internal bus with 
which this interface means was combined with the input of the above-mentioned storage means, A 
serial clock input terminal, a serial data input terminal, and the serial store circuit that consists of two or 
more latch circuits combined with the serial data input terminal, The parallel data latch circuit by which 
each output node of the latch circuit of predetermined two or more stages included in the above- 
mentioned serial store circuit was combined with the juxtaposition input terminal, and the juxtaposition 
output terminal was connected to the above-mentioned internal bus, The sync bit train detector which 
outputs the 1st signal when they are predetermined logical values in juxtaposition in response to the 
fact that the output of the latch circuit by which an output is combined with the input of the above- 
mentioned juxtaposition latch circuit, and other latch circuits, The access-control information latch 
circuit which incorporates the storage information on latch circuits other than the latch circuit by which 
the output was combined with the input of the above-mentioned logical circuit with the 1st signal, the 
1st signal of the above — counting — actuation is reset and it can constitute "resemble the transfer 
sequence control counter which controls the latch timing of the above-mentioned parallel data latch 
circuit according to the enumerated data." 

[0016] When this interface means supports data output, further, while an input is combined with an 
internal bus by juxtaposition with a serial data output terminal, an output is combined with a serial data 
output terminal, it has further the parallel/serial-conversion circuit where a serial output synchronizes 
with the above-mentioned serial clock signal, and the above-mentioned transfer sequence control 
counter generates the control signal which controls the output initiation timing of the above-mentioned 
paraNel/serial-conversion circuit according to those enumerated data. 
[0017] 

[Function] According to the above-mentioned means, the amount control means of scrolling controls 
how much the supply timing of a pixel data stream is shifted for example, by the pixel data unit, and let 
the pixel data stream for the 2nd drive circuit being passed by this from a pixel data stream supply 
circuit, and driving a signal electrode by it be the thing and equivalence by which the predetermined part 
was started from pattern data memory to the pixel data stream by which sequential generating is carried 
out. In the predetermined display line, smooth scrolling in the pixel unit to the direction of a display digit 
is realized by giving by this the directions which make the above-mentioned amount of gaps fluctuate 
for every display period of a multiple frame from the amount control means of scrolling. For example, 
when a scrolling control means is constituted by the 1st storage means like the amount register of 
scrolling dots, CPU can carry out smooth scrolling of the predetermined display line, if the amount of 
scrolling of the 1st storage means concerned is rewritten periodically. There is no necessity of 
performing rewriting or the rate of change of the amount of gaps of a scrolling dot per 1 pixel, and it can 
be performed to arbitration per a number smaller than the number of the direction dots of a digit of a 
single pattern of two or more pixels. 

[0018] When the scrolling display-line control means is adopted, the above-mentioned smooth scrolling 
is realized to the single or two or more display lines which were specified by it. 
[0019] Assignment of the above-mentioned amount of gaps may be fixed for every number of fixed 
pixels, and the line for scrolling may also be immobilization, being able to specify programmably the 
display line for scrolling, and the amount of scrolling according to the set point over it, and increasing 
gradually or dwindling the above-mentioned amount of gaps, if it is in the configuration which adopts the 
1st storage means and the 2nd storage means — scrolling — right and left — it is supposed that it is 
free in any direction. Moreover, if it is in the configuration which adopts the 3rd storage means, it is 
possible to scroll only the display digit of arbitration among the display lines for scrolling. 
[0020] If it is in the above-mentioned smooth scrolling in a character generator format, when performing 
the above-mentioned scrolling, it is not necessary to rewrite the data in the display RAM which stores a 
character code, and the burden of CPU can be mitigated in this point, and that software processing can 
be simplified. Moreover, since serial rewriting of a bulk memory like bit map memory is not required, the 
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burden of CPU is mitigated compared with the display control of a bit map format, and the above- 
mentioned smooth scrolling is realized. 

[0021] If the amount control means of scrolling for [ of a scroll rate and the amount of scrolling ] 
updating autonomously serially is adopted, CPU does not need to perform time management for not 
requiring performing serially processing which rewrites a value, processing, for example, the 1st storage 
means, of changing the amount of scrolling for every scrolling in 1 pixel or several pixel unit, and carrying 
out spacing of such rewriting, i.e., spacing of each scrolling actuation, at equal intervals. This mitigates 
the burden of CPU concerning smooth scrolling remarkably, once CPU sets up necessary control 
information by including in the amount control means of scrolling to the function which resets a scrolling 
counter — the required total amount of scrolling — with — **** — control of smooth scrolling is 
completed. 

[0022] Resetting a transfer sequence control counter synchronizing with detection of the sync bit train 
which synchronized with the serial clock signal, for example, controlling the data transmission in a 
cutting tool unit acts on the appearance to which a transmission protocol is normally returned in 
response to detection of the following sync bit train, even if a gap of the data bit between CPUs arises. 
Supervising the access-control information which continues in response to the input from a serial input 
terminal at a sync bit train and it during the read-out actuation by CPU through a serial data output 
terminal carries out the change of writing and read-out to implementation by three interface signals, a 
serial clock signal, a serial input signal, and a serial output signal. 
[0023] 

[Example] The block diagram of the system using the liquid crystal display control device concerning 
one example of this invention is shown in drawing 1 . Although especially this system is not restricted, it 
consists of CPU1 (central processing unit) and the liquid crystal display panel (it is described also as the 
LCD panel) 3 as the data processor which controls actuation of the liquid crystal display control device 
2 and this liquid crystal display control device 2, or a microcomputer. The liquid crystal display control 
unit 2 is equipped with the character generator ROM 5 (read only memory) for developing a dot-matrix- 
like character-font pattern from the character code specified as the display RAM 4 (random access 
memory) which memorizes the character code of the alphabetic character which actually displays on a 
liquid crystal screen. 

[0024] Although especially the liquid crystal display panel 3 is not restricted, it consists of dot-matrix 
molds, the segment electrode as the common electrode and signal electrode as a scan electrode is 
arranged in crossover in X and the direction of Y, and the liquid crystal display component for 1 dot is 
formed in each crossover location. When the sequential drive of the common electrode is carried out, 
lighting or the astigmatism LGT of a display device corresponding to the common electrode concerned 
to drive is determined by the status signal given to a segment electrode. Although not restricted 
especially, if this example is followed, the liquid crystal display panel 3 will have the viewing area which 
can perform character representation by 12 figures [ a maximum of ] four lines, and the number of dots 
per graphic character (the number of display devices) will be made into horizontal x length =5x8 dot. If 
this is followed, the liquid crystal display panel 3 has 32 common electrodes and 60 segment electrodes. 
[0025] CPU1 can display the alphabetic character of arbitration on the location of arbitration by writing 
the character code of the alphabetic character which should be displayed in display RAM 4. Display RAM 
4 has the storage region which can store the character code more than the maximum display digit which 
can be displayed on the liquid crystal display panel 3 corresponding to the scrolling direction mentioned 
later. For example, it is made storable [ 20 figure the character code for four lines ]. 
[0026] The writing to display RAM 4 is performed to the address specified with the CPU address 
counter 6. Whenever CPU1 can preset the initial address value of the arbitration to this CPU address 
counter 6, and CPU1 writes it in display RAM 4 henceforth and it gives directions, synchronizing with it, 
increment actuation of the CPU address counter 6 is carried out, and it generates the required address 
inside. The address signal outputted from the CPU address counter 6 is supplied to display RAM 4 
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through a selection circuitry 9. The graphic-character code as write-in data at this time is given from 
CPU1 etc. through the CPU interface 7. The information transmission between the liquid crystal display 
control unit 2 interior and CPU1 is performed via the CPU interface 7. 

[0027] The address counter 8 for a display generates'the read-out address of the display RAM 4 in a 
display action. That is, this address counter 8 for a display performs decrement actuation one by one 
synchronizing with a display action, and outputs that value. The outputted value is supplied to display 
RAM 4 through a selection circuitry 9, and a graphic-character code (it is described also as a character 
code) is read from the display RAM 4 concerned. Although not restricted especially, if this example is 
followed, a graphic-character code will be made into 8 bits. 

[0028] Although rewriting of the data in the display RAM 4 by CPU1 or read-out access (CPU access), 
and especially access (display access) that reads and carries out the data in display RAM 4 in order to 
perform a liquid crystal display are not restricted, it is carried out to time sharing by turns, and change 
control also of the selection condition of a selection circuitry 9 is carried out by turns synchronizing 
with it. The timing generating circuit 26 mentioned later performs this control. 

[0029] The character code read from the display RAM 4 at the time of a display action is made into a 
part of access address signal to a character generator ROM 5, and the remainder of the access address 
signal concerned is considered as the output of the Rhine address counter 30. 
[0030] The above-mentioned character generator ROM 5 stores font pattern data, such as an 
alphabetic character, the alphabet, katakana, a hiragana, a kanji, and a notation. A character code is 
assigned to each alphabetic character although not restricted especially. Although not restricted 
especially, width is constituted by 5 dots and, as for each alphabetic character, length is constituted by 
8 dots. Read-out of a character generator ROM 5 is made possible in the font data of one alphabetic 
character specified by the character code by total of eight lead actuation per 5 dots (they will be 5 
bitwises if this example is followed). That is, a character generator ROM 5 makes 8 bits the character 
code read from the above-mentioned display RAM 4 the high order side of the address, and read access 
of the output of the Rhine address counter 30 is carried out as a low order side triplet of the address. It 
is considered that the character code which constitutes 8 bits the high order side of the address is a 
signal for specifying an alphabetic character, and it is considered. [ the output of the triplet of the Rhine 
address counter 30 ] [ a signal for specifying at a time a part for the length / of eight lines / of one line 
of the character font specified by the character code ] 

[0031] The font pattern data (read-out of such font pattern data is also called expansion of a font 
pattern) read from the character generator ROM 5 It is changed into serial data and is serially sent to 
the segment side shift register 12 (it will be 60 bits if this example is followed) through the scrolling 
register 11 mentioned later in the parallel/serial-conversion circuit 10. When the data for 1 line (the one 
scanning line or the common electrode of the liquid crystal display panel 3) are all stored in the segment 
side shift register 12 concerned, the data concerned are made to latch to the segment latch circuit 13, 
and the segment liquid crystal driver 14 is supplied. The segment liquid crystal driver 14 forms the 
segment driving signals SEG1-SEG60 which control each display device (lighting) of a liquid crystal 
display panel, i.e., selection of each pixel, or un-choosing (astigmatism LGT) based on the output data of 
the above-mentioned segment latch circuit 13, and drives the segment electrode of the liquid crystal 
display panel 3. The common electrode of each Rhine is driven in time sharing one by one with the 
common driving signals COM1-COM32 formed of the common side shift register 19 and the common 
liquid crystal driver 18. 

[0032] The timing generating circuit 26 which inputs the oscillation output of the CR oscillator circuit 15 
generates the internal time of the liquid crystal display control unit 2. The timing signal which this 
generates generates the shift timing of the increment timing of the address counter 8 for a display, and 
the Rhine address counter 30, the shift timing of the common side shift register 19, the scrolling shift 
register 11, and the segment side shift register 12, the latch timing of the segment latch circuit 13, etc. 
The shift timing of the scrolling shift register 1 1 and the segment side shift register 12 is prescribed by 
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the dot clock. Such various timing synchronizes timing of operation, such as the common liquid crystal 
driver 18 and the segment liquid crystal driver 14, with actuation of the address counter 8 for a display, 
or the Rhine address counter 30, and it determines the drive timing of the sequential drive of a common 
electrode, and a segment electrode so that the data read from a character generator ROM 5 one by one 
can be displayed on the location where it should be displayed. 

[0033] In drawing 1 , 24 is an instruction register group, and they are set up by CPU1 through the CPU 
interface 7 including control registers, such as the liquid crystal display control register 13, the scrolling 
display line assignment register 15, and the amount register 16 of scrolling dots. When scrolling right and 
left on the liquid crystal display panel 3, CPU1 writes scrolling information in the scrolling display line 
assignment register 15 which specifies the display line which scrolls, and the amount register 16 of 
scrolling dots which specifies the amount of scrolling per pixel through the CPU interface 7. In this case, 
it is not necessary to rewrite the character code data in display RAM 4. The information stored in the 
scrolling display line assignment register 15 and the amount register 16 of scrolling dots is supplied to 
the scrolling control circuit 17 which performs scrolling control, and this scrolling control circuit 17 
controls the above-mentioned scrolling shift register 11 . 

[0034] The detailed circuit diagram for scrolling is shown in drawing 2 . When carrying out 4 line displays 
of the character font pattern which consists of 5x8 dots perpendicularly, since each graphic-character 
line becomes eight lines, the common liquid crystal driver 18 has a total of 32 drive circuits. This 
common liquid crystal driver 18 outputs the common driving signals COM1-COM32 to the common 
electrode of the liquid crystal display panel 3, and supplies a selection voltage level to the common 
electrode for 32 lines from the 1st character row to the 4th character row in time sharing. The 
sequence that the common liquid crystal driver 18 outputs a sequential selection voltage level is 
controlled by the common side shift register 1 9. 

[0035] This common side shift register 19 has 32 steps of storage stages in a serial, for example, the bit 
data of a predetermined logical value (for example, logical value 1) shift it one step at a time for every 
one-line drive. After the above-mentioned bit data are shifted to the last stage, the timing generating 
circuit 26 supplies the above-mentioned bit data to the first rank again succeedingly, and actuation is 
repeated cyclically. Since the above-mentioned common side shift register 1 9 makes sequential 
selection from the 1 st character row to the 4th character row, it can recognize what graphic-character 
line is chosen now by referring to it. Then, as shown in drawing 3 , the common side shift register 19 
carries out the sequential output of the display-line signals phi1-phi4 on display now. For example, he 
can understand the 1st line status signal phi 1 as a signal which took the OR to the output of each 
storage stage from the first rank of a shift register 19 to the 8th step. The scrolling control circuit 17 
has the line coincidence detector 20 which detects the case where bit correspondence compares the 4- 
bit display line signals phi1-phi4 outputted from this common side shift register 19, and the set point of 
4 bits of the scrolling display line assignment register 15, and each is in agreement with a logical value 1. 
If this comparison result is in agreement, the scrolling line coincidence signal phi 5 outputted from the 
line coincidence detector 20 as shown in drawing 3 will be set to only that period being high-level. For 
example, 4 bits of the scrolling display line assignment register 15 are made into the assignment bit of 
the 1st graphic-character line to the 4th graphic-character line, and it is considered that each 4-bit bit 
set as the scrolling display line assignment register 15 is assignment of scrolling of a logical value 1. The 
line coincidence detector 20 acquires one scrolling line coincidence signal phi 5 by taking the AND of 
the bit of the assignment register 15 concerned, and the status signal of a correspondence line, 
respectively, and taking one OR to the 4-bit AND signal. 

[0036] Although especially the above-mentioned amount register 16 of scrolling dots is not restricted, it 
considers as 6 bits and each bit is inputted into a gate circuit 31. This gate circuit 31 is transmitted to 
the scrolling shift register 1 1 by making the output of the amount register 16 of scrolling dots into the 
amount indication signal SEL of scrolling dots, when the above-mentioned scrolling line coincidence 
signal phi 5 is high-level. When the scrolling line coincidence signal phi 5 is a low level, as for a gate 
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circuit 31, a total of 6 bits supplies the signal SEL of a logical value 0 to the scrolling shift register 11. 
Six 2 input AND gates which undergo the output of the amount register 1 6 of scrolling dots for every bit, 
and receive the scrolling line coincidence signal phi 5 in common, respectively can constitute such a 
gate circuit 31. Therefore, the amount tbe data of scrolling Jots stored in the amount register 16 of 
scrolling dots are supplied to the scrolling shift register 11 as an amount indication signal SEL of 
scrolling dots, only when the display line in a panel 3 is in agreement with the scrolling line specified with 
the register 15. 

[0037] The above-mentioned scrolling register 1 1 is constituted by two or more steps of latch circuits 
22 and the multiplexer 21 by which the series connection was carried out. Each latch circuit 22 
memorizes the bit data for 1 dot, respectively, and synchronizing with the output of the parallel/serial- 
conversion circuit 10, if it puts in another way, it transmits the serial data outputted from the 
parallel/serial-conversion circuit 10 concerned to the latter part one by one synchronizing with the dot 
clock. A multiplexer 21 undergoes the output of the parallel/serial-conversion circuit 10, and the output 
of each latch circuit 22, chooses one of any inputs of they based on the decoding result of the 6-bit 
output of the above-mentioned gate circuit 31, and supplies them to the segment side shift register 12. 
When the output of the above-mentioned gate circuit 31 is the total bit logical value 0 at this time and 
scrolling will not be performed if it puts in another way, a multiplexer 21 chooses the output of the 
parallel/serial-conversion circuit 10, and it chooses the output of the latch circuit 22 by the side of the 
latter part, so that the output value of a gate circuit 31 will be enlarged, if it puts in another way so that 
there are many amounts of scrolling specified with the amount register 16 of scrolling dots. 
[0038] Thus, if the comparison result in the above-mentioned line coincidence detector 20 is in 
agreement, only the period is made high-level, a multiplexer 21 will choose the result to which only the 
number of scrolling pixels set up with the amount register 16 of scrolling dots was shifted with the 
scrolling shift register 1 1, and the scrolling line coincidence signal phi 5 outputted from this circuit 20 
will output a character pattern to the segment side shift register 12. For example, when 5 pixels scrolls 
in the moment there is a display period, the character pattern data shifted by five steps of latch circuits 
22 in the scrolling shift register 1 1 are chosen by the multiplexer 21, and it outputs to the segment side 
shift register 12. 

[0039] Here, display RAM 4 has the storage region which can store 20-figure [ a maximum of ] the 
character code for four lines as mentioned above. Read access of the display RAM 4 by the address 
counter 8 for a display by which decrement actuation is carried out is performed in the sequence of 
reaching [ from the storage region of the 20th figure ] the storage region of the 1 st figure for example, 
in each line. Moreover, although said segment side shift register 12 consists of 60 bits corresponding to 
12 figures which is the maximum display digit of the liquid crystal display panel 3, timing which transmits 
the pattern data for 1 display Rhine to the segment latch circuit 13 from the segment side shift register 
12 is carried out to whenever the segment side shift register 12 performs a shift action 100 times 
corresponding to the maximum storage digit count of display RAM 4. Such a shift action is performed 
like latch actuation of a latch circuit 22 synchronizing with a dot clock. Therefore, if the pattern data for 
1 display Rhine are outputted from the scrolling register 1 1 behind time several predetermined dot 
minutes, the display shifted leftward in drawing 2 only several of the dot minutes will be realized. If a 
predetermined time interval, for example, the display period of a multiple frame, is placed and the value 
of the amount register 16 of sequential scrolling dots is enlarged one by one, scrolling of the dot unit to 
the left of drawing 2 will be realized (if the latter latch circuit output is chosen one by one). On the 
contrary, if the decrement of the initial value of the amount register 16 of scrolling dots is carried out 
one by one, scrolling to the right will be realized. 

[0040] Since a scrolling line coincidence signal is still a low level when the line specified with the 
scrolling display line assignment register 15 and a line on display are not in agreement, scrolling is not 
performed but it becomes the usual display. That is, character pattern data are outputted to the 
segment side shift register 12 from the direct multiplexer 21 not passing through the latch circuit 22 in 
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the scrolling shift register 11. 

[0041] The scrolling display line assignment register 15 can be set up per display line. For example, when 
performing four line displays, it has the 4-bit information that it became independent. Therefore, since 
scrolling can be specified independently to each display line, a multi-line can be scrolled to coincidence. 
Moreover, since the number of pixels which scrolls by changing the set point of the amount register 16 
of scrolling dots can be specified as arbitration, this set point can be periodically scrolled right and left a 
sequential increment or by carrying out a decrement. Moreover, by adjusting spacing of the increment of 
this set point, or a decrement, the rate which scrolls is changeable. By combining the above-mentioned 
scrolling display line assignment register 15 and the amount register 16 of scrolling dots, smooth 
scrolling only of the display line of arbitration can be carried out alternatively at right and left. 
[0042] The condition at the time of scrolling independently is shown to drawing 4 by each display-line 
unit. 4 bits of the scrolling display line assignment register 15 support the display line of the liquid 
crystal display panel 3, respectively. As shown in (A) of drawing 4 , when all the contents of the scrolling 
display line assignment register 15 are "0", scrolling is not performed even if the amount of scrolling 
dots is specified with the amount register 16 of scrolling dots. As shown in (B) of drawing 4 , when the 
2nd bit of the scrolling display line assignment register 15 is "1", according to the set point of the 
amount register 16 of scrolling dots, scrolling only of the display line corresponding to this bit is enabled. 
Moreover, as shown in (C) of drawing 4 , when two bits are set to "1", scrolling of the display line 
corresponding to these two bits in a line unit is enabled respectively at coincidence. The display 
condition of the specified display line has shifted to the left-hand side of drawing in proportion to the 
amount of scrolling dots so that clearly from drawing 4 . 

[0043] The example of a display at the time of changing the amount of scrolling to drawing 5 is shown. 
Scrolling of the pixel unit specified with the amount register 16 of scrolling dots is enabled. By carrying 
out sequential increment of the set point of the amount register 16 of scrolling dots periodically, the 
display line by which scrolling assignment was carried out can be smoothly scrolled leftward on the liquid 
crystal display panel 3. In addition, in drawing 5 , the 2nd line (abcdefgh) is scrolled and the condition 
that other lines are not scrolled is shown. Namely, as for drawing 5 (B), drawing 5 (C), and drawing 5 (D), 
the 2nd line is scrolled to drawing 5 R> 5 (A), respectively. 

[0044] The software control procedure in CPU1 for performing smooth scrolling for 8 pixels to drawing 6 
to the specific display line succeeding a 1 -pixel unit is shown. Before starting scrolling, the amount 
register 16 of scrolling dots is cleared, and the amount of scrolling dots is set to "0." The display line 
which furthermore scrolls is set as the scrolling display line assignment register 15. Scrolling is started 
by setting scrolling for 1 pixel as the amount register 16 of scrolling dots. By changing a setup and going 
so that the amount of scrolling dots of the amount register 16 of scrolling dots may furthermore be 
increased one by one, smooth scrolling to the left can be performed per pixel. Moreover, continuous 
smooth [ rightward ] scrolling can be performed by changing a setup so that the amount of scrolling dots 
of the amount register 16 of scrolling dots may be reduced one by one. Moreover, in order to perform 
smooth smooth scrolling in relation with the reaction rate of liquid crystal, it is necessary to insert 
interval time amount (wait step Sw) in the timing which performs the increment or decrement of the 
amount register 16 of scrolling dots. The liquid crystal display control device 2 repeats and displays the 
same frame in this interval period. The execution time of smooth scrolling is changeable because CPU1 
adjusts this interval time amount. 

[0045] Transfer of the data between CPU1 and the liquid crystal display control device 2 is performed 
through the CPU interface 7 in the liquid crystal display control device 2. The liquid crystal display 
control device 2 is equipped with a total of three interface signals of the serial transmission clock input 
terminal (it omits Following SCLK) in which the incorporation timing or read-out timing of a serial data 
output terminal (it abbreviates to SOD hereafter) for the serial data input terminal (for it to abbreviate 
to SID hereafter) for writing in data and CPU1 to read data from CPU1 and the above-mentioned input 
data in the liquid crystal display control device 2 is shown. 
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[0046] The write-in procedure which used the above-mentioned interface signal for drawing 7 is shown, 
and the read-out procedure is shown in drawing 8 . Synchronizing with a serial transmission clock 
(SCLK), the interface of the data inputted or (SID) outputted (SOD) is carried out. CPU1 inputs a start 
cutting tool from a SID terminal first at the time of initiation "of a transfer. The CPU interface 7 
recognizes it as the start cutting tool having been started, when "1" is inputted continuously. [ 5-bit ] 
This 5-bit continuous "1" data stream is defined as a sync bit train. If a sync bit train is recognized, the 
CPU interface 7 will consider that the following bit is RS bit to a R/W bit and a pan for the bit following 
a sync bit train, and will memorize the condition of an input bit. In addition, a start cutting tool's last bit 
needs to input "0." It is because it will be recognized as their being sync bit trains if the last bit 
concerned is "1" when the 4-bit low order data D0-D3 following the degree are all bit "1." CPU1 is the 
read/write (bit which directs read-out/writing) to the liquid crystal display control device 2, and the 
above-mentioned R/W bit means writing at the time of "0", and means read-out at the time of "1." 
Furthermore, the above-mentioned RS bit is a bit which chooses a register 1 , means selection of the CPU 
address counter 6 or the instruction register group 24 at the time of "0", and means selection of display 
RAM 4 at the time of "1." The instruction register group 24 consists of the scrolling display line 
directions register 15, the above-mentioned amount register 16 of scrolling dots, and the various above- 
mentioned liquid crystal display control registers 23. 

[0047] When the relation between above-mentioned R/W and RS bit, and a mode of operation is 
summarized here, at the time of R/W bit =0 and RS bit =0 It considers as the mode of operation of the 
set point writing to the CPU address counter 6 and the instruction register group 24. At the time of 
R/W bit =0 and RS bit =1 It considers as the mode of operation of the data writing to display RAM 4. At 
the time of R/W bit =1 and RS bit =0 It considers as the mode of operation of counted value read-out 
from the CPU address counter 6, and is made into the mode of operation of data read-out from display 
RAM 4 at the time of R/W bit =1 and RS bit =1 . 

[0048] If writing is specified in the R/W bit in a start cutting tool, a 8-bit data stream will be written in 
by 2 bytes (16 bits) following the start cutting tool. That is, a 8-bit data stream is divided into two at the 
data stream of 4 bits of upper and lower sides, the data stream of 4 bits of low order and 4-bit 
continuous "0" trains are inputted from a start cutting tool's next cutting tool (lower byte), and the data 
stream of 4 bits of high orders and 4-bit continuous "0" trains are further inputted from the next 
cutting tool (high-order byte). Therefore, "1" does not continue on SID except a sync bit train. [ 5 bits 
or more ] 

[0049] Moreover, if read-out is specified in the R/W bit in a start cutting tool, a 8-bit data stream will 
be continuously read from a SOD terminal by 1 byte (8 bits) following the start cutting tool. Also in the 
midst which has read the data stream from the SOD terminal, the 5-bit sync bit train inputted from SID 
is supervised. It reads to drawing 9 , and writes in from a sequence, and the modification procedure to a 
sequence is shown. For example, by the 1st byte, the first start cutting tool's R/W bit is set to "1", RS 
bit is set to "0", and the contents of the CPU address counter 6 are read by the 2nd byte. By the 2nd 
byte which is performing this read-out, the next start cutting tool's R/W bit is set coincidence, "0" and 
RS bit are set to "1", and data are written in display RAM 4 by the 4th byte with the 3rd byte. Thereby, 
the change of writing and read-out is realizable with three interface signals of SCLK, and SID and SOD. 
In addition, when data do not need to be read from the liquid crystal display control device 2, an 
interface can be carried out with two terminals, SCLK and SID. 

[0050] By adopting the procedure of such an interface, an information transmission can be performed 
for every above-mentioned mode of operation synchronizing with a mere clock signal. If it puts in 
another way, the dedication data transmission protocol using a special wave-like clock signal or a 
special wave-like timing signal is not needed. Therefore, CPU1 which controls the liquid crystal display 
control unit 2 of this example can increase the versatility over CPU that it can use broadly by any CPUs 
that what is necessary is just to have general serial interface or a general port. 

[0051] The block diagram within the CPU interface 7 is shown in drawing 10 . The data inputted from 
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the SID terminal are serially incorporated by latch circuit (1)51- latch circuit (8) 58 by which cascade 
connection was carried out by the leading edge of SCLK. When the output of the data incorporated by 
latch circuit (4)54- latch circuit (8) 58 is monitored continuously and the whole of the output is set to 
"1", it is considered that the start synchronous detector 59*is a sync bit train. When a sync bit train is 
detected, it considers at the time that the output data of latch circuit (2) 52 and latch circuit (3) 53 are 
RS bit and a R/W bit, respectively, and the output is latched to the RS latch circuit 61 and the R/W 
latch circuit 60. 

[0052] The transfer bit counter 62 generates the latch timing for incorporating the data stream of 4 bits 
of effective low order, and the data stream of 4 bits of high orders to the low order data latch circuit 63 
and the high order data latch circuit 64, respectively from the inputted data stream. The above- 
mentioned transfer bit counter 62 is serially counted up by SCLK. The output from the RS latch circuit 
61, the R/W latch circuit 60, the above-mentioned low order data latch circuit 63, and the above- 
mentioned high order data latch circuit 64 is supplied to each block of the RS signal, R/W signal, DBO - 
DB7 signal, and liquid crystal display control-device 2 interior. 

[0053] Moreover, by the sync bit train detected in the above-mentioned start synchronous detector 59, 
the transfer bit counter 62 is reset compulsorily and initialized. When the transfer condition of a power 
up is an indeterminate, or when the data stream which a noise treats with the data stream which a 
paste CPU 1 treats, and the CPU interface 7 causes a bit gap to a serial transmission clock input 
terminal (SCLK) during a transfer, a transfer procedure can be returned to an all seems well by 
initializing the transfer bit counter 62 in a sync bit train. 

[0054] Read-out of serial data outputs the data by which serial out was carried out from the 
parallel/serial-conversion circuit 65 by the falling edge of the clock inputted from the serial transmission 
clock input terminal SCLK to CPU1 from a SOD terminal. The data supplied from each block of the liquid 
crystal display control-device 2 interior are loaded to the parallel/serial-conversion circuit 65 through 
DB0-DB7. This load timing is supplied to a cutting tool unit from the above-mentioned transfer bit 
counter 62. In addition, CPU1 incorporates the serial data outputted from the SOD terminal by the 
leading edge of SCLK. 

[0055] When the R/W bit and RS bit in a start cutting tool do not need to be changed, two or more 
cutting tool information can be transmitted continuously. For example, if a R/W bit is first set from a 
start cutting tool and "0" and RS bit are set as "1" when rewriting continuously two or more cutting 
tools of display RAM 4 collectively, the data in display RAM 4 can be continuously rewritten without a 
start cutting tool after that. Since the CPU address counter 6 which supplies the rewriting address of 
display RAM 4 at this time is automatically incremented for every 1-byte rewriting, CPU1 does not need 
to re-set the CPU address counter 6 serially. 

[0056] According to the above-mentioned example, there is the following operation effectiveness. 

(1) The scrolling display line assignment register 15 for scrolling right and left alternatively per display 
line and the amount register 16 of scrolling dots can be adopted, and only the display line of arbitration 
can be alternatively scrolled the left or rightward per pixel by forming the line coincidence detector 20 
for detecting whether it is the display line to which a display line present on display should scroll, and 
the scrolling shift register 1 1 for shifting the character pattern to display per pixel. 

(2) Thereby, smooth scrolling is realizable to the specific display line. Compared with scrolling for every 
character pattern, display quality improves remarkably. 

(3) When performing the above-mentioned scrolling further, it is not necessary to rewrite the data in the 
display RAM 4 which stores a character code, and the burden of CPU1 can be mitigated in this point, 
and that software processing can be simplified. 

(4) For example, when performing the information display of a property which is different for every 
display line in the display tooth space restricted in small devices, such as a portable telephone, 
sequential scrolling only of the necessary display line can be carried out, and the contents can be 
displayed. This can raise easily the engine performance or the amount of information displays of the 
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information display to a small display, and it can conform now to the information display by the future 
various data utility especially in a pocket communication terminal or a mobile telecom terminal. For 
example, it is a case so that a weather report and the information on traffic congestion may be indicated 
by sequential at the specific display line. 

(5) By resetting the transfer bit counter 62 synchronizing with detection of the sync bit train which 
synchronized with the serial transmission clock, and controlling the data transmission in a cutting tool 
unit, even if a gap of the data bit between CPUsI arises, in response to detection of the following sync 
bit train, a transmission protocol can be returned normally. 

(6) Since the R/W bit which continues in response to the input from an input terminal SID at a sync bit 
train and it during the read-out actuation by CPU1 through an output terminal SOD is supervised, the 
change of writing and read-out is realizable with three interface signals of SCLK, and SID and SOD. 

(7) By adopting the procedure of the above-mentioned interface, the information transmission which 
answers two or more modes of operation synchronizing with SCLK as a mere clock signal can be 
performed. If it puts in another way, the dedication data transmission protocol using a special wave-like 
clock signal or a special wave-like timing signal is not needed. Therefore, CPU1 which controls the liquid 
crystal display control unit 2 of this example can be broadly used now by any CPUs in the range 
comparatively large as a control subject of a liquid crystal display control unit that what is necessary is 
just to have general serial interface or a general port. 

[0057] The example of a system configuration using the liquid crystal display control unit 104 concerning 
the 2nd example of this invention is shown in drawing 1 1 . The same sign is given to the circuit block 
which has the same function as what was explained by drawing 1 , and the detail explanation is omitted. 
The scrolling display bit-position-designation register 1 1 1 is added to the instruction register group 24 
to the example explained by drawing 1 . As for this scrolling display digit directions register 1 1 1, a value 
is set up by CPU1 through the CPU interface 7. That is, the display digit place information which scrolls 
is written in the scrolling display bit-position-designation register 1 1 1. In this case, scrolling of the pixel 
unit specified with the amount register 16 of scrolling dots is controlled to the display digit specified 
with the scrolling display bit-position-designation register 1 1 1 among the display lines specified with the 
scrolling display line assignment register 15. These scrolling is controlled by the above-mentioned 
instruction register group 24, the scrolling control circuit 115, and the scrolling shift register 1 1. 
[0058] The detailed circuit diagram for the above-mentioned scrolling is shown in drawing 12 . Although 
not restricted especially, the 2nd example makes an example the case where 8 figures of character font 
patterns of four lines which consist of 6x8 dots are displayed perpendicularly horizontally. Since each 
character row becomes eight lines, in four line displays, the common liquid crystal driver 18 has 32 drive 
circuits. Moreover, since it indicates by 8 figure by 6-dot width of face, the segment liquid crystal driver 
14 has 48 drive circuits. 

[0059] If the line coincidence detector 20 compares the 4-bit information set as the display line under 
present drive, and the scrolling display line assignment register 15 like the example of drawing 2 and a 
result is in agreement in drawing 12 , the scrolling line coincidence signal phi 5 of drawing 13 will become 
high-level during the period. Moreover, if the digit coincidence detector 1 13 compares the display digit 
counter 1 12 present on display with the 8-bit information set as the scrolling display bit-position- 
designation register 1 1 1 and its result corresponds, the scrolling digit coincidence signal phi 6 of drawing 
13 will become high-level during the period. In addition, the display digit counter 1 12 is a counter which 
carries out a decrement per alphabetic character for every line. A gate circuit 31 outputs the amount of 
scrolling dots of 6 bits specified with the amount register 16 of scrolling dots during the display line 
period which scrolls. Only the display digit period which scrolls outputs the amount of scrolling dots of 
the above-mentioned 6 bits, and a gate circuit 1 14 supplies it to the scrolling shift register 1 1. When the 
scrolling line coincidence signal phi 5 or the scrolling digit coincidence signal phi 6 is a low level, the 
mask of a gate circuit 31 or the gate circuit 1 14 is carried out so that all of 6 bits of the amount 
indication signal SEL of scrolling dots may become a logical value 0, and it supplies this signal SEL to 
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the scrolling shift register 11. Therefore, the amount tbe data of scrolling dots stored in the amount 
register 16 of scrolling dots are supplied to the scrolling shift register 11, only when a display line is in 
agreement with the scrolling digit specified with a register 1 1 1 in accordance with the scrolling line 
specified with a register 15 by the panel 3. 

[0060] The above-mentioned example of timing generating is shown in drawing 13 . phi 1 to phi 4 
becomes high-level during the period currently respectively driven from the 1st line to the 4th line to 
time sharing. During the drive period of a display line when scrolling assignment of phi 5 was carried out 
with the scrolling display line assignment register 15 is set to high level. Moreover, during the drive 
period of a display digit when scrolling assignment of phi 6 was carried out with the scrolling display bit- 
position-designation register 1 1 1 is set to high level. The amount indication signal SEL of scrolling dots 
outputs the amount of scrolling stored in the amount register 16 of scrolling dots during the above- 
mentioned scrolling period, and let the other period be a logical value 0. 

[0061] The example of a display which scrolls only some display digits to drawing 14 and drawing 15 is 
shown in (A) - (D) later on in order. The 2nd-line scrolling of a panel 3 is directed with the scrolling 
display line directions register 15, and scrolling at the 8th figure is directed from the double figures of a 
panel 3 with the scrolling display bit-position-designation register 111. And the amount of scrolling dots 
is increased for order later on like (A) - (D). Thereby, a scrolling indication of the seven characters of 
the double figures to the 8th figure of the 2nd line of a panel 3 is given in the amount of scrolling 
directed with the amount assignment register 16 of scrolling dots. 

[0062] Although the above-mentioned scrolling display line assignment register 15 can be set up per 
display line, scrolling is not limited to a setup of the display digit unit by the display bit-position- 
designation register 111. For example, it is also possible to specify that a scrolling display digit register 
is constituted from 1 bit, and it can scroll digits other than the single figure at the left end of a panel 3. 
In this case, when that bit is 1, the display after the double figures of a panel 3 can be indicated by 
scrolling, and it can indicate by fixed, without scrolling the single figure of a left end. Moreover, when the 
bit is 0, all display digits can indicate by scrolling. 

[0063] The example of a system configuration using the liquid crystal display control unit 102 concerning 
the 3rd example of this invention is shown in drawing 1 6 . The same agreement is given to the circuit 
block which has the same function as what was explained by drawing 1 , and the detailed explanation is 
omitted. Although especially the liquid crystal display panel 103 shown in this drawing is not restricted, it 
displays the font of 5x8 dots by 12 figures [ a maximum of] one line, and has eight common electrodes 
and 60 segment electrodes. CPU! writes the character code of the alphabetic character which should 
be displayed on the liquid crystal display panel 103 in display RAM 4 like the example of drawing 1 . The 
written-in character code is serially outputted from display RAM 4 toward the 1st figure according to 
decrement actuation of the address counter 8 for a display from the 20th figure. The outputted 
character code is made into the address information of a character generator ROM 5 with the output of 
the Rhine address counter 30, and font data is outputted by this by 5 bitwises from a character 
generator ROM 5. The font data of these 5 bitwises is changed into serial data in the parallel serial 
conversion circuit 10, and is supplied to the segment liquid crystal driver 14 through the scrolling shift 
register 11 and the segment shift register 12. 

[0064] In order to realize the above-mentioned smooth scrolling in this example, it replaces with the 
scrolling control circuit 17 and the instruction register group 24 of Fig. 1. Scrolling control information 
The scrolling period generating circuit 80 which generates the scrolling period for performing scrolling of 
the scrolling register 70 to memorize and a dot unit (pixel unit), the scrolling counter 90 which counts 
the amount of scrolling, and the scrolling termination detector 91 which detects scrolling termination are 
formed. It is a thing, as it will end and the burden of CPU1 is mitigated, if CPU1 performs initial setting 
to the scrolling register 70 on the occasion of smooth scrolling. CPU1 initializes the scrolling register 70 
through the CPU interface 7. 

[0065] The detailed configuration block Fig. for scrolling in this example is shown in drawing 1 7 . The 
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above-mentioned scrolling period generating circuit 80 generates the scrolling periodic signal 81 for 
specifying, the spacing time amount, i.e., the scroll rate, of scrolling actuation. It is ******** so that the 
scrolling periodic signal 81 concerned may be made into a clock signal, the output of the counter circuit 
or clock pulse generator 82 which generates the clock signal* with which periods differ, respectively may 
be chosen by the multiplexer 83 and the scrolling periodic signal 81 of a predetermined period may be 
outputted by this example. The period of the scrolling periodic signal 81 can be determined in relation 
with the reaction rate of liquid crystal, for example, a selectable period is made into two or more kinds 
between several 10 msec(s) - number 100msec. The selection is performed by supplying the scroll rate 
information (the 1st information) 71 stored in the scrolling register 70 to a multiplexer 83. 
[0066] The above-mentioned scrolling counter 90 receives the scrolling periodic signal 81 in the clock 
input terminal IN, for example, carries out counting of the start change, and supplies it to the scrolling 
shift register 1 1 by making the enumerated data into the amount of scrolling dots from an output 
terminal OUT. The scrolling shift register 11 chooses the output of the latter latch circuit 22, and 
supplies it to the segment shift register 12, so that the amount of scrolling dots is large like the case of 
drawing 1 R> 1. the above-mentioned scrolling counter 90 — setting — import declaration — counting - 
- a direction, i.e., counting, — it is the terminal with which an increment or a decrement of operation is 
directed, if this example is followed — counting of the scrolling counter 90 — a direction is shown using 
the scrolling direction information (the 2nd information) 72 stored in the scrolling register 70. 
[0067] the scrolling counter 90 — setting — the counting — the case where all the bits of a bit are 
outputted as enumerated data — one change of the scrolling periodic signal 81 — the output value of 
the scrolling counter 90 — 1 — an increment — or a decrement is carried out. Therefore, scrolling of 1 
dot will be performed for every period of the scrolling periodic signal 81. What is necessary is to always 
add the dummy bit of "0" to the output least significant bit of the scrolling counter 90, and just to 
supply the selection terminal of a multiplexer 21, in performing scrolling of 2 dots for every period of the 
scrolling periodic signal 81. 

[0068] Reset of the scrolling counter 90 is a reset terminal, although especially that output is not 
restricted in the reset condition of the scrolling counter 90 — all bits - — it is initialized by "0" and this 
reset condition is in the condition that the amount of scrolling dots is set to 0. In this example, the 
amount information 73 of total scrolling (the 3rd information) is stored in the scrolling register 70, and 
the scrolling termination detector 91 is supplied. It detects that the output of the scrolling termination 
detector 91 of the scrolling counter 90 corresponded with the amount information 73 of total scrolling, 
the scrolling counter 90 is reset, and a series of scrolling is terminated. 

[0069] Next, an operation of **** 3 example is explained. In this operation explanation, scrolling of 1 dot 
shall be performed for every period of the scrolling periodic signal 81. When scrolling the display line, 
each scrolling information on the amount information 73 of total scrolling (the number of dots), the 
scrolling direction information 72, and the scroll rate information 71 is set to the scrolling register 70 
from CPU1. According to this, the scrolling counter 90 performs an in chestnut noodle or decrement 
actuation so that it may advance the 1 dot of the amounts of scrolling at a time for every period of the 
selected scrolling periodic signal 81, and it supplies these enumerated data to the scrolling shift register 
1 1. The scrolling shift register 1 1 scrolls the display line for every dot, operating [ whenever the 
enumerated data are increased gradually, choose the output of the latch circuit 22 by the side of the 
latter part, whenever enumerated data are dwindled, choose the output of the latch circuit by the side 
of the preceding paragraph, and ] the amount of transfer skews to the segment shift register 12 of a 
pixel data stream (the amount of delay). If the output of the scrolling counter 90 is in agreement with 
the amount of total scrolling, the scrolling counter 90 will be reset at the time, and smooth scrolling will 
be ended. In addition, in the configuration of this example, rightward scrolling should understand it as 
what is used for processing which once returns rightward the screen which scrolled leftward. In that 
case, in the middle of leftward scrolling, CPU1 should just reset the contents of the scrolling shift 
register 71 so that a scroll right may be directed. 
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[0070] When performing above-mentioned leftward scrolling by 20 dots wide, as shown in (A) of drawing 
18 , by this example, CPU1 should just write each scrolling information on the amount information 73 of 
total scrolling, the scrolling direction information 72, and the scroll rate information 71 in the scrolling 
register 70. According to the data written in this scrofling register 70, according to the count period of 
the scrolling period generating circuit 80, the scrolling counter 90 carries out sequential increment of 
the amount of scrolling from 0 dot to 20 dots, and scrolling processing from 0 dot to 20 dots is 
automatically performed by the scrolling shift register 1 1. Moreover, if what the scrolling counter 90 
counted 20 dots of scrolling termination detectors 91 for is detected, increment actuation of the 
scrolling counter 20 will be stopped. CPU1 should just be needing and waiting for the display control 
until it is stopped (display wait). On the other hand, as shown in (B) of drawing 1 8 , whenever it scrolls 1 
dot, in the case of the example explained by drawing 1 , the display scrolling instruction for rewriting the 
amount register 16 of scrolling dots from CPU1 to a liquid crystal display control device must be 
published, and it must perform to it each time, and to it, a total of 20 times of instruction executions 
must be repeated. Furthermore, in order to show scrolling smoothly and to carry out issue spacing or 
activation spacing of each instruction at equal intervals, CPU1 must manage interval time amount. 
[0071] Therefore, according to the liquid crystal display control unit 102 of this example, future scrolling 
actuation can be autonomously controlled only by publishing a scrolling instruction once independently 
of CPU1, the time management which performs scrolling also becomes unnecessary, and the burden of 
CPU1 accompanying smooth scrolling can be remarkably mitigated compared with the example of 
drawing 1 . In addition, since the example of drawing 1 can set the amount of scrolling dots as arbitration 
with a register 16, to the mode of scrolling which can be taken, its degree of freedom is higher than this 
example. 

[0072] Although invention made by this invention person above was concretely explained based on the 
example, it cannot be overemphasized that it can change variously in the range which this invention is 
not limited to it and does not deviate from the summary. 

[0073] For example, although the case where the single display line was scrolled was explained typically, 
the example of drawing 17 can be applied, also when choosing an arbitration line from two or more 
display lines and making scrolling possible. For example, the output of the scrolling counter 90 of drawing 
17 is supplied to the selection terminal of a multiplexer 21 through the. gate circuit 31 explained in the 
example of drawing 2 , and the gate circuit is controlled by the same coincidence detector 20 as drawing 
> 2 . In this case, what is necessary is just to establish the field which stores the scrolling display line 
information which should be supplied to the line coincidence detector 20 concerned in the scrolling 
register 71. Moreover, when carrying out the decrement of the address counter 8 for a display, 
considering as the configuration which inputs a pixel data stream from the left-hand side of the segment 
side shift register 12 synchronizing with this, enlarging the amount of scrolling one by one and making 
the left and the amount of scrolling small one by one, it constituted from an above-mentioned example 
so that it might scroll rightward. If the address counter 8 for a display is incremented, it considers as 
the configuration which inputs a pixel data stream from the right-hand side of the segment side shift 
register 12 synchronizing with this contrary to this, the amount of scrolling is enlarged one by one and 
the right and the amount of scrolling will be made small one by one, it can also constitute so that it may 
scroll leftward. Moreover, it is also possible to constitute without not making the scrolling display line 
immobilization or adopting a scrolling display-line control means. The display size of the number of 
configuration pixels of a font and a liquid crystal display panel, the storage capacity of Display RAM, etc. 
are not limited to the above-mentioned example, but can be changed suitably. Moreover, although the 
scrolling shift register 1 1 was adopted in the above-mentioned example as a configuration for shifting 
the timing which supplies a pixel data stream to a drive circuit by the pixel data unit, also let it be one 
example of a configuration for shifting the account of a top to make it lead the juxtaposition output from 
the latch circuit to a multiplexer 21 every several steps. Moreover, this invention is applicable also to 
the display in the specific window of a display. 
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[0074] Although the above explanation applied and described invention mainly made by this invention 
person to the liquid crystal display technique which is a field of the invention used as the background, 
this invention is not limited to this and can be applied to drive control of various displays, such as a 
fluorescent indicator tube display and a plasma display display. 
[0075] 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical thing among 
invention indicated in this application is explained briefly. 

[0076] That is, since the amount control means of specified quantity ****** scrolling is adopted for the 
supply timing of the pixel data stream which drives a signal electrode by the pixel data unit, smooth 
scrolling in a pixel unit is realizable with gradual increase or gradual decrease of the above-mentioned 
amount of gaps. 

[0077] By adopting a scrolling display-line control means, the above-mentioned smooth scrolling is 
realizable to the display line of arbitration. 

[0078] By adopting a scrolling display digit control means, the above-mentioned smooth scrolling is 
realizable to the display digit of arbitration. 

[0079] By enabling it to perform assignment of the amount of gaps like the amount of scrolling dots, and 
assignment of the scrolling display line to arbitration to a storage means, the degree of freedom which 
can specify a scrolling mode as arbitration can be raised. 

[0080] Since it is not necessary to rewrite the data in the display RAM which stores a character code 
when performing smooth scrolling, the burden of CPU can be mitigated in this point and that software 
processing can be simplified. Moreover, since serial rewriting of a bulk memory like bit map memory is 
not required, the burden of CPU is mitigated compared with the display control of a bit map format, and 
the above-mentioned smooth scrolling can be realized. 

[0081] Furthermore, the burden of CPU is remarkably mitigable by adopting the amount control means 
of scrolling of a scroll rate and the amount of scrolling dots which updates autonomously serially. 
[0082] Synchronizing with detection of the sync bit train which synchronized with the serial clock signal, 
reset a transfer sequence control counter, and data transmission is controlled. Moreover, by adopting an 
interface means to supervise the access-control information which continues in response to the input 
from a serial input terminal at a sync bit train and it also during the read-out actuation from a serial 
data output terminal An interface with a CPU like a data processor or a microcomputer can be 
performed using a mere serial clock. By this An interface with a CPU like a data processor or a 
microcomputer can be performed now using a mere serial clock, and the display control which does not 
restrict CPU available as a control subject substantially can be realized. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the liquid crystal display control device concerning the 1st 
example of this invention. 

[Drawing 2] It is the explanatory view showing a detaifed example of a scrolling control circuit. 
[Drawing 3] It is the timing chart showing an example of generation timing, such as a display-line signal 
in the scrolling control circuit of drawing 2 , and a scrolling display-line indication signal. 
[Drawing 4] It is the explanatory view showing the example of operation when scrolling only the specified 
display line alternatively. 

[Drawing 5] It is the explanatory view showing the example of operation when scrolling alternatively only 
the display line specified when the set point of the amount of scrolling dots was changed. 
[Drawing 6] It is the explanatory view showing an example of the flows of control by CPU when 
performing smooth scrolling of a pixel unit. 

[Drawing 7] It is serial in between CPU and a liquid crystal display control device, and is the explanatory 
view showing the write-in procedure in the case of performing data transfer. 

[Drawing 8] It is serial in between CPU and a liquid crystal display control device, and is the explanatory 
view showing the read-out procedure in the case of performing data transfer. 

[Drawing 9] It is the explanatory view showing the operations sequence which changes actuation into 
serial writing from serial read-out. 

[Drawing 10] It is the detail circuit diagram of the CPU interface in a liquid crystal display control unit. 
[Drawing 1 1] It is the block diagram of the liquid crystal display control device concerning the 2nd 
example of this invention. 

[Drawing 12] It is the explanatory view showing a detailed example of a scrolling control circuit. 
[Drawing 13] It is the timing chart showing an example of generation timing, such as a display-line signal 
in the scrolling control circuit of drawing 1 2 , a scrolling display-line assignment signal, and a scrolling 
display bit-position-designation signal. 

[Drawing 14] It is the explanatory view showing the first half of the example of operation when scrolling 
alternatively the display line and the display digit which were specified. 

[Drawing 1 5] It is the explanatory view showing the example of the second half of operation following 
drawing 14 . 

[Drawing 16] It is a system configuration block diagram using the liquid crystal display control device 
concerning the 3rd example of this invention. 

[Drawing 1 7] It is a detailed configuration block Fig. for scrolling in the example of drawing 1 6 . 
[Drawing 18] It is an explanatory view for comparing the burden of CPU for smooth scrolling in the 
example of drawing 1 , and the example of drawing 16 . 
[Description of Notations] 

1 CPU (Central Processing Unit) 

2 Liquid Crystal Display Control Unit 

102 Liquid Crystal Display Control Unit 

3 Liquid Crystal Display Panel 

103 Liquid Crystal Display Panel 

4 Display RAM 

5 Character Generator ROM (CGROM) 

6 CPU Address Counter 

7 CPU Interface 

8 Display Address Counter 

9 Address Multiplexer 

10 Parallel/serial-Conversion Circuit 

1 1 Scrolling Shift Register 

1 2 Segment Side Shift Register 
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13 Segment Latch Circuit 

14 Segment Liquid Crystal Driver 

15 Scrolling Display Line Assignment Register 

16 The Amount Register of Scrolling Dots 

17 Scrolling Control Circuit 

18 Common Liquid Crystal Driver 

19 Common Side Shift Register 

20 Line Coincidence Detector 

21 Multiplexer 

22 Latch Circuit 

23 Liquid Crystal Display Control Register 

24 Instruction Register Group 

25 CR Oscillator Circuit 

26 Timing Generating Circuit 
31 Gate Circuit 

51-58 A latch circuit (1) - latch circuit (8) 

59 Start Synchronous Detector 

60 R/W Latch Circuit 

61 RS Latch Circuit 

62 Transfer Bit Counter 

63 Low Order Data Latch Circuit 

64 High Order Data Latch Circuit 

65 Parallel/serial-Conversion Circuit 

70 Scrolling Register 

71 Scroll Rate Information 

72 The K Scrolling Direction Information 

73 The Amount Information of Total Scrolling 
80 Scrolling Period Generating Circuit 

90 Scrolling Counter 

91 Scrolling Termination Detector 

104 Liquid Crystal Display Control Unit 

1 1 1 Scrolling Display Bit-Position-Designation Register 

112 Display Digit Counter 

113 Digit Coincidence Detector 

114 Gate Circuit 

115 Scrolling Control Circuit 
COM1-COM32 Common driving signal 
SEG1-SEG60 Segment driving signal 

SCLK Serial transmission clock input terminal 

SID Serial data input terminal 

SOD Serial data output terminal 

DB0-DB7 Data bus signal 

R/W Read/write indication signal 

RS Register-select signal 



[Translation done.] 
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lelKi^HWiTl, ilEte^J^^v^ttjgtc, ^r© 
[0017] 

#& V ffl £ ©-£ 3Hi i £ • rftfc: , . &ft 

ss^fft-:^TS^ffi;£fa^©®iif ¥&-?©* a—* 

u—/ish'y Hu^^©i3*Sl ©fEtt^iaifc: 
iotM?lx5tf, cPUttSRJBioBtfa© 
n-/ua&£$iM)l£»|&;l-CVM7fi> 9rJ£©**fT 

5 «8J*Mifett4 < . ^©#f;*f fa K y Hk J: t> 

[0 0 18] D-^S^if ii 5 Sffl$^Tv^ 

*^r»c*j- L.T±IE^ A— ;* * a -^11^,$^?). 
[0019] ±E-r^*©J6J£tt-J£W*RfcfcBJ£W 
ffcoTU<> ^-/^>tfg•^T , b@;ET*;fco 
ttmm^ft t * y o -,uft£ y° u ? y -7 -J Mz.1fefen\m 



(5) 

8 

/Wr©5*>, ftit©*^«T©^£** p— /H-Sifcis 

[0 0 2 0] ^-^7^^v ? ^^^-^^'CW-tf2^A 

»*.5^Sfi s *<, r.©jfefc*i^-ccpu©AS*:«i* 

So £fc, t' y h t '//^ ^ !) © i 5 * y © 

io 5i&#&;t£gL&^©T\ try hTsf^Sfflt/Ti 
WKUfc^T CPU ©AS5rP® LT±1B* A-* * ^ d 

[00 2 1] n— yUJi^i^^ d— /Ht©3i#:jS£r 

CPUfiHS^Xf4fcW^*t£t?<7)^p— A'* 
(c^;? P-/u*Sr3E3Eir5ftyffi«!l*.tf||5-l ©IB1l#a© 

-to J; 5 ft»«*.©MIWIPt>#^ ^ p -/Hb^ciBIWSr 

u<6Mi--5. a-jummw^mc^y-n-juxv- 
>-?*\)±y b-tzmm*-e$#>z>z. t\z£<9. CPU 

4$r£A-3 A— ^ ^. ^ n — /uOfWflpSrJtelg-t"*. 
[0022] ->y7^oy^ Rm bfci RIH t' y 
h?lJ<D^mtCp)»UT^ftlW*.»^«ry-fes/ hLT 

PUhOfflXtOy*-? t'y h<D-f1n&£. CX hfc<r>¥\M 

30 fllKl^i-S. ->y T^-^tB^^Sr^"T2)CPU 
• ic: J: SSgm btbf^* IdS* vx ti > y T&Xtstik^fr b© 

a^j SrS jt r mm y£ v v m t ztitem. < r v ± * mm 1 ^ 

$g«rgm-rsr tit, *&^SE^ffiL©SJ&*:£rv-y 
7MD^{|f, ->y7/VA7J(lf, M-yy7/KU 

[0 0 2 3] 

[HlfefiRJ] G3 1 fcfi#«93©— H^J^#S^ b b b^^*J 
^B^rfflV^fcv'^r AcDT'ci y^0^$ix5o -© 

n-fe s/-y-^L< ^ n 3>-t°3. — t LT©CPU 

i (tyh7/>"7'otyyy^-i=5'H t. 
&7*s<*i\> (LCD/^;vt t.fB-T) 3d>ib5)c5. ffiA 

©X^=>- K£iat§-t-53l^RAM4 (7>yA • 

h y ^^.^©si^^^-v h^^-^^rjggi-rsfc*©^- 

^yW is** U-2?R OM 5i ( y — K • ^"V y — • > 
so [0 0 2 4] M^m^<^3 tt\ :^lcfe|{S$H*l/^ 
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ifi, Ky hvh ]) ? xmx~ffif&&iti. b"C© 

(oWL^mm^ftM £ *ut v » = * ^ wsasjK 

©a^y^gt, 6 0*©-fe^/^hm@Sr^fO 0 
[0 0 2 5] C P U 1 liS^JtS^tS:?©^^- 
KSr*'*R AM4 t©#iitfn -Cffigc©*£8te:ffi£© 

-f"5 ^. ^ d — ^^•[filJcM^ b-C^^*^^^ 3 
Bl«g^*^:«^«T^±©5:*3- K^WA^Ttt^lBII 
««*r*i-S. 2 0*r 4 Kfc* 

[0 0 2 6] $*RAM4-^OftMBCPU7Kl/ 
6fjS£Lfc7 KV^K^bTfrfctuSo C 
PU 1 lir©CPU7 K^* 1 ?^ 6— ©ffie©U)$ 
7K^tt?r7 , ytyh-et 1 £ltCPUlii**RA 
M4— *#^^Jg^Sr^^5telc^tHc|^J» UC PU 
T K * 9 6 *W f* y t« V I- Sb# £ frtT&gft 
T Ku-^Srl^SBt?^-!-?),, CPU7Kl/7A9y^6 
fctlTJ SfrfcT K u*«#ttS»*lEll8 9 tt^ 

W*^:^:*^— KttC PU^ y^7.i-^ 7 Sr^bTC 

pui^i'A^^tbJis. m&m*ftmmm2ftut 
cpui i © p.3 ©it fRe^te c p u >r y * — * i & 

[0 0 2 7] *^tbm-fc > »t5*^RAM4©^ajLT 
KW*tt*jj*fllT K^*!>^ 8^^J5£-rS„ "f^fr 

•5, tii^Sixfcfi£«:S^iagS9Sr^LT**RAM4^ 
#IS£iV a8E**RAM4*»b**3t#=3-K 

[0 0 2 8] CPUll:i5**RAM4rtOf-^© 
• t&JtXfiSS^ffibT^-fe* (CPU7n^) 
Wi£k$i7n*ft 0 fcfel^SRAM 4 rt©'T-^ SrS^tiJ 

B^ffl^Slrfr^iV ^rtHc|^«Sb-C5S^lHllS9 
©S^fllt^Str^jmx^^tvSc Z<DfflWte&m 

•f 5 * -r 5 ^^»*ia*-2 6 asff 5 o 

[0 0 2 9] S^»)^fc:^RAM4^b^da$^ 
fc# + 7i!'^=>-Kll*1r7^^^ 3 :^U-^ROM5 



(6) 

• - 

t»t57^t^7KV'^t©-gfi:$^ St^T^ 
-ir;*T Yis*fe^<Dfe*)\-Zy4 >7 K^*l)y^ 3 0 
©fflTJi: £}x5„ 
[00 3 0] ±fS=*^7;7*- v^^U-^ROMSfi, 

fc1WR$ft*^#**©X*fctt3t*=J-- K#«0 ST 

m&8 Ky MciotM^HS. =*-v 7**^*1' 
io -^ROM5ll 5C^=>- KfCtoTJi^StbS— o© 
^©7*i^hx-^Sr5 KyMWt (#3Wfc«fc«;it 

rf 5 1> h ^Mfc> T-a-gt 8 0© y - K«f^fc «t o x^ai 
b^tmnsix-r^s. v— 

*ROM5fi, ±|2«^RAM4^e)W^-m^tbfc5:^ 
= — KSrT K f>±MM 8 tf y > £ U 7^V7 
^■^V* 3 0©m7jSrT Kl/^©Tte«'J3 t'-y htf 
Ty — KT^ir^.$^5. T Ku-^.©±{5i:iB!l8 t'y hSr 
«^i-S^3- Ktt:fc*4:»£i-<& 
$iv ^7 KU'*#*>'* 3 0©3 t*y I>©ffi73f2: 
2 o J^a - Kl: ioT^^ WX*7* y FO»8 7^ 

[00 3 1] ^ROM5*^Ktil 

W*z>) '<? wv/vy T/v^&iHissi or-v-y r 

A^— f^t5X^D-;VU-;7^ i i 
Sr^b-C-fey*^ yH8*/7 hu-^^ 1 2 (*9UK0yic 

'■atiitmA'v: s^7-m^/> -h^y^-iHiKi 3- 
«-s**^EP.*,#®^©ii^ (,-s*r) *fcttis«R (* 

6 OSrJilB-fe^T'vKys/^lHlSSl SwabTJ-r-^^S 

^ 1 9X1/3^- >1KAK'7^^l 8KJ:9TJ*j&3*iS 
40 =i^e>-|gi!jff#COMl~COM3 2tC«toTJKft^ 

[00 3 2] ^SS^*JP^« 2 ©rt^i^-1' 5 V 
CR^SlelKl 5©^Sffl73^A73i-5^-Y 5 

082 6 5c r*t*s*risi-a ^ w ? v ?is% 

it. */Tffl7K^i7|>^8fiU ! 7-l'y7KMA^ 

v 5 ^^ 1 lSTZ-fe^^ > hffl!lv'7 h Ui/*j> l 2©->7 
h^l'-;^, *Utt^yh7 7fl2l!gl 3© 7 y 

so f^-<;y^m^t5. ^^p-;v->7M/-^ 
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9 1 lRTf±??t >- HWf 7 h 1 2<Di/7 V 9 

[0 0 3 3] E]l ^^5t^T2 4ti^^^ v-a io 

/v^fljg^uv?^^ 1 5, 7^o-;vKyH^ 
^ 1 6*if<0(W»u^^Sr*^ tHbttCPU-f.y 

*/^V3±-Cfe*fc^^o— ^SrtT3*&, CPU1 
f4C PIM >-^ — 7x- * 7 SrrftLT, ^^n— /v^rfr 

5ifcfif4ftv\, 7^D-;^tT^i/^15Sr; 
^^p-;pKj/ hfiuv^^ 1 6fc»fa£fr;fcW*U4. 

M/^^ 1 l&fM«-*-5. 

[0 0 3 41 H2fctt^^o— /K^fc*<O|**|B*lHlBS0" 
*s*$Jx5o 5 x 8 h-Ci^tt5*^7^^ 7^- 

*fftt 8.9-f yfciiSO-C?.*^*^?^^ 1 8 f4£\ 

1 81iR*»»^*>V3 ^^tBfca^Vllft ' 
COM1—COM3 2'Srffl#Lt\ * 1 X^fT*^® 4 

[0 0 3 5] r<0 = j e>'{a!lv'7 h l/'^^ 1 9 ttKyJfc 
3 2«(&fBfi««:*U ^JBBttKJRJfe 

tt, 5^3&felBtt2 6#«J«fcmWi 

m*fe»4:£WS^JIB*S^UT^<©T* ^;h,£# 
fig-*- 5 r t \z 4 o T gift r O^X^fr L T v * 

7 h * 1 9 f4^£S^*OS^T{g-§- 0 1 — <t> 4 ; 



3 0 7^ d - ;HB»@!S l. 7 li:03* y«V7 h 

4t, o-^^frJe^^^^ 1 5(04 feTy h<£> 

i-5^^*ffl-t-Sff-ifetttillllK2 0S:«"i-5. ^co 
Jfc«tt*#-8r*-* t s H-3 fc**-J: 5 fcfT-SbtfcfflHl 
SS2 O frbttiJlZtiZx* p-Mr-fM§-S§-<f> 5(4^:0 

faj^f^X* 1 5<D4 \f y V f4^ 1 **3t^tT**b^4 

i^^n -/vcojs^ t $ nso. ff— atfcmtaBS 2 

tT-«c«** 5Sr#5. 

[0 0 3 6] ±!B^^ Ks> H^^l 6(4, 

«rfc*JRSix*^*s, 6tfs/hi:£*b> M4, ^ 

-MUSS 3 lfcAA*Jx5 0 ©y- HEWS 3 1*4, ± 

hSfs^fg^SELt LT^^p-;^7 1 

l fcea*-3 0 ^ ^ ~/HT-ffem# * 5 *s p ^ ^-</^ 

^IS-^S E LSr^^ h 1 1 

5o ^^J: 5&^— HUBS 3 Hi, flitf^^n-A'K 

/vfif— 5Sr***ii^$»t5 6_ft<0 2A*7 F > 

hfi^fl-g-SELt LT7^p-;^>7 M/^^ 1 

[0 0 3 7] ±IB^ ^ n — Jl* 9 1 1 tt, it^JS^ 

$ixfctt*a©9 2/ , ?-iatt2 2i-7/uf^^t2 IK 
J:oT«ricSix6 0 #7 5/f@K2 2ll l h 

o ^ b ^ jxs > y t fls*?— 9 *mfc&wt\z.fcm tt 

^<c -e^^U^1h2 1(4, /^^/^!/7^» 
E!Sl 0(DUJ*i:*7jy^ia.lS2 2©Ul**:Slt, ±SS 
y-MslB3i06 b*5/ ht±lA073- K^*t:S^^ 

- wags 3.1 om**s^tr-/ hiss<aoT*fc5i#, tft' 

s-fixfi^ 9 p — ^sPff -e/V^^^^ if 2 
/WiKy fr*^:** 1*6 T*Jt5t$tt5^ ^ p — 
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A4fcP£v*&, mm-tixtt V- Ms]8& 3 1 ©W^ffiis* 
# < £*U<5S, «&flS©9 y^HlBS 2 2 Wffi^SriiliR-r 

[0 0 3 8] r^J;5»-> ±E*f-ft«tti@g|2 0T?© 
it«fe**s— t . BEEIII2 0*»bm***v5^^ 

*V 7^o-;VKy MW-^;? 1 6"C!St$ixfc^^ 

h$tU7 v c^*ilr-7^ i 5 1 7'U'^-^2 1 ^il^b-C-fei/^ V 

— /V-fS^^fi, 7^D-^7 K 1 1 fo<D 

5g©7 -^^Ie]SS2 2-CV7 YZKIt**??*'**- 

[003 9] ma©«t5H:**RAM4f±** 

2 o m 4 ff^ro *^7**=>-k frHHA nrfgfeeitftttt 

Sr*i-5. f*-f * y ^ £*v 5 Steffi T 

■7>-^8}c:J:5*^RAM4roy— KT^ir^tt. tfd*. 

ffi!l->7 h Uv?** i 2 »ifi$a*^^/v-3 co*?<:**«f 
gcT'&S 1 2 tfrtdStflS LT 6 0 fc's> h-C*Mi**VCV*3 

-fe^^vhffijlv-y hi/-^^ i 2*»fe-fe^> yh7 
EIKI 1 3 \zi frffrvj ^5}<r>s<#—vf—9 Srfejg 
tS^-l'^ym ^RAM4C0*7^IE1t«T^C(C^ 
UT-fe^^ V hUS?;** 1 2*5i 0 OlslC/7 h 

mgg.2 2 ©7 s/.^tbf^t HACKS' h * o fcHIJffl U . 
-C^*?^5o LfciioT, l*^7'f>'^©^-y7 
— ^*5Ff^-K'y>*^if n-/Wi?^^ 1 1 »»•' 

i e L-cv^ttf (jRftaa©9 

Ky 1 6 ©ftJJJtfSrJK*^ y ^ >- h UT 

[0 0 4 0] **n — /U^ffftJgUS?** 1 5-C»^ 

2 2trM*ii-fttS-7/V-5 L ^"U'i?-y-2 lfrb±?*>-h 

h Ui?7.f 1 2lCffl75$^5o 
[0 04 1] ^^n-^V^tffgjeUv 1 ^^ 1 5I±*^ 



(8) 

■ • 
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tjeiHWfcjB*^^^ y ^ vh^fcttx^ y 

^PS-T^r J: Jet 9, n -/u£fr 5>t£&^;i5 
^ h *5-e# 5 0 ±fB* ^ u -yv^frJt^Vv 5 ^ ^15 

[ o o 4 2 ] b 4 1 f4#**^ffi-eafcirfc^ ^ o 

1 5<D4 tfy Mi, -?:tt^tlS5f B *^/^/V3 
0^^ : f^->^iSbTU^5o (A) IC^^tx^ct^ 

fcftt>tlf£\,\ Wi4(D (B) l^^ttSJ:5^, 

^fi, ceo tr^ hfc#jsSi-5**tTO**s^^n— /UK 

$H5o EI4CD (c) ^^tt^>J:5lc v 2o<o 

t:^^S: ,, 1" tdLfc^fi, |^^cr(D20(Dfc*5/ b 

: [0 0,4.3] 0 51Cf±^*n.^v*Sr^t$.*fc»^<O 

fc**tTfiS!fi**/^/v 3 -kX&jjfafcmhMZX ? 
S (abedefgh) (D&fcX? u— ft!lCO?T 
5 (A) K*tLT05 (B) , 05 (C) , H5 (D) 
40 [ 0 0 4 4 ] El 6 \Z&ftfe(Dm7Fft\Ztt L 1 B9R¥tt^ 

^ !i 7 ? o - n^ K y H«r # 0 ' tt 5. 
^I6l:i jifs^o^ ^ d -/usnsMT*-* - 1 T*§g^i- 

/u k ^ > m&m&m^-r «t 5 tRjt stssje uxfT < r t 

so T\ MM)¥-ttLX&.Jj\B]^(D X 2± — * x ? v ~^^frb r 



ft US ¥7-21 9508 



15 

i#T-£5o b*U5?** 1 6©* 

^ u -zv Ky hfttrMftttjb-t- «£ o fctitJfc&fcJE LT<^ 

— b— ;v£rfr 5fci&> D-/uKy 

bmis'Sxp i 6<d4^? y ^^h^fcttx^ y 

7"Sw) SrlfAra^R^fcS. «***WJ»3g«2tt 
^$-&5o ^ A-7 ^ n - ^©llWrafi. ■ C P U 1 

a* c ©-Y -/</w*ro«r jMEi-s 

[0 0 4 5] CPU 1 tf0Efi«*ft!ltBl^e2 ir^ra^x 
-*©«Stt«fi*S«W#PKlt2f*i©CPU-Y 

7^^L-Ctffctu5. »A**W»^S2f±, CP 
U 1 ^fe7*-*&§#2>tffc«>©v'y T/Vr-*X*)9& 
* (EAT, SIDtftt) , CPU l^x-^SrBE^m 
■*-fc»©^yTA^*-^UJ**IHF' (EAT, SOD tBS 

i-) „ «ft*5%«i»»it2-c©±iaA*9 f -^©is«ja 

Sto&y-n yy-AT}^ (ti.TSCLKi:»Si-) Off 3* 

[0 0 4 61 |S]7Kf±±iE-r>*7:E-;*{§-§-£rfflV^ 

$*u3 0 A^J (S ID) %tc\±)&J} (SOD) 
-*ttv-y TVMfci^n y* (SCLK) tC^UT^ 
>-^73i-^$tv-5 c tfCPUlliEl©ri^S 
IDjfi^^7^-h/MhSrA7)t5. CPU-f^^ 
7a-7 7|i, '1 -.asaBBtfl&fc-5. f s> H A2j-£*vfc t 

5c CPU-Y v^7^-^7li, PUWty h^JSrSSS-f- 

t^©ft©fc'y fSrRS fc'y ht**U A^f y h© 
jRttSrlBlfrt-5. h©*^t'y Mi' 

0'SrA^-r-5^S* 3 fc-5o -t©*JOR< 4 t^y }-©T 

SS$ftTU5^t)-Cfe5. ±1ER/Wt'y MiCPU 
1 «fi**WJ»S11 2 ^ ©y-K/7^ h «*HiU 
/•^^Srfi^-f-^t'y h) T'*>«3, "0"©i:#*# 

±ER S f y b it 1/^7 * Sril^-T^ f y h "Cfc *) , ' 
0"©i#CPUT K^*^^ 6^fc»i'l'^^ h7 
y->a >Uv>;*y-i¥2 4©31JR£;t*U "l"©i#* 
*RAM4©31«$r^*i-S. 'f^h^v/ay^ 
*y-l$2 4fimIxE©^^ n-^^tTJi^^v 7 ^^ 1 

[0047] -eifER/\ys.u J R sfyhi Ebfl^ 
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- Ki©§8#Sr* t»5 t« R/Wfyh=0, RSf 
^h = 0©i#li, CPUTK^A^^eS^V 
' ^ F 7 ^ •> 3 y l^v>^ ^» 2 4 ^O^H It t ii*©» 
fM— K££iV R/Wt'yh = 0, RSfyh=l© 

tZtl. R/Wtfyh=l, RS tf-y f=0©£#tt, 
CPUT Kl^TJ^Vy- 6 *>£>©# ?V MSt^-ffib© 
Slf£*— b*££iV R/Wt'5'F=l, RSt'y h=l 
©i#ti\ ^RAM4/6^©-r'-^^tbb©iil^ 
jo -Ki$Jl,5„ 

[0 0 4 8] h^-f hrtOR/Wh'y KT*##oi 

tO^^- h'<<Y H-fK 2/M h 

(1 6 fc'y h) T», 8 t"y h©-r-*?iJ£»#£tf. BP 
*>8 fc'y H©y-^yiJSr±T4 fc'y h©x~*?'JK:2# 
#JU h©&©'M h (Ttt^-f h) TT 

tt:4 tf s/ b©x-^?'Jt 4 t'-y h©Jg!ggbfc"0'?USrA 
77 U ^fe^^©^©^^ h (±tt/'<-< h) T*±#4t' 
•y h ©-T- t 4 t' j/ h ©jSit Lfc* 0 *?"JSr AT^i" 
5 0 Lfca«-aTlBI»^y hWfiW. SID±iw'l**S5 

[0 0 4 9] ^fc^.^- h'U hrtWR/Wt'y hT'fg 

h (8t-yh) T\ SODJSfA>fe8K"j/h©f-^l 
5riigcUTK^to-t-. SODiST-*^x-^?iJSrBE*ai 
LT^-5Stpfr*3t^T'b. S I D^bATJ^ixS 5 t'y 

^.fi, ^l^M hg-CftlD©^-^- h^-Y F©R/Wf 
y h&'l", RS t*y>Sr"0'^Lt:,..^2vW h @"C? 
30 CPUTKW^.*9>-^6©rt^SrSc^-mi-c r©^ 
mu*lTc>-CV^51B2vW HB-C, "IBI>*fc*fl35C#— h 
/"W h©R/Wf y hSr'0', R S fy h Sr" 1 "td L 
X, hli4/W HT'**RAM4i:7 ; -^ 

£»#&tfc r^xtcJ;f9#t>7s^tSE^mL©^)<9#^ 
SrSCLK, SID. S OD© 3*©^ 
^-CUm-fS ^ t 5. &:feffi£«5%ffilttl£Ea 2 *> 
bx-^^SE^mi-^S* s *^^»-fi, scLKis 

I D02*©^T"fy^7x-^t5: i^T-#5 0 
[0 0 5 0] ^©i )Wy?7x- ^.©#IB$rSffii- 

4*SU ^ n y y L< te^-f 5 V y*«-§- Srffi 

tc&ox. *nm&i(DWi£km^fflfflmw 2 srnawi-a c 

PU lH-^6t)^v'yT/WV^7i-^.^L<fi/if- 
hSr*L-Tl^rf«};<, t*©<t5^CPUT't>*g^:<flJ 
ffi-Ct 5 1 ^ 5 C^P U IC*ri-5iR.fflttS:i«-f-r i: 

|0i0 5 1 QKlttCPU^ ^^7^-^.7^©^ 

so D y ^H^$^5. ".SI D^A>fcA77$nfc-r-^ 
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(1) 5 1~7 5/« (8) 5 8lCil^5tf?^ 
(4) 5 4~7 y^IslSg (8) 5 8 9 ^^tbfcx- 

#, ^©Bf.&T'^ y^-|H]& (2) 5 2t7j/^[fi]SS 

(3) 5 aOffiAf-^HWjxRSt'y h*Jj;t/R 
/Wtyht*4U -toa^SrRS^yf-igKe 1 t 
R/W7 y^ESg 6 0 d 7 
[0 0 5 2] fc&t'y hTJ^Vy- 6 2tt, A^frvfc-r 
-y-?iJ/!i>bW$)ftT#:4 t'y (^©^-^£±-(£4 t'y 
b©^-y-*iJ£^n^Tte7-*^y^lH]Sg6 3*5 J: 
XflitiLT-* 7 y°5-m&Q 4— El«?&tj>fcis!>©7 y^* 
$ V^S:^^-r5o ±K^t*s/ h^^^i? 6 2tt, 

I38S6 1, R/W7 y5=-|s]gg6 0, y^le] 
8g6 3&.fcULhte^-*7y^@?g6 4*>fe©ffi;/jtf, 
RSfH§\ R/Wffif, DBO-DB 7 ff-S§- 1 flSAS^ 
$lj®^e 2 1*1 SB©^ n y * K&jjS £;h,3 0 
[0 0 5 3] ^fctlM©**- KlHl^miHl^5 9f« 
til ^ixfc^ t y NylJK J: *) , tf y h * "7 6 2 
«r»*Wfcy*y KUDflfti-S. saaJSA^ote^ 
tB#*j£©»fr» ■ SfcttlKa&f y n y * 

A^SH 1 (SCLK) fc/^X^cot) CPU 1 ft&OT 1 

y M-ixSrS-i-^Ji^ EDM^y h^JTiEi&lf y h 
77 7 V* 6 2 Sr«0Mtt-5 - 1 X\ (E&3MM&jEft:Rtt 

[0054] ->y T^-^wBs^t±iLi±, yyj/vte 

o s> * A^SST- SCLKi> £ MZMzf o y * © 
St*>T* s 9 3i y v?tV< v WW/ v- y T A^&lElgg 6 5 
tjv-y 7VWT7 h^fc^-^&SODSS^ibCPU 
lfctttfji"*. «A**ffl»£«2rt»©«-:/By*;6» 
fj^^tbfcx-^ltDB 0~DB 7 5r3TU^7 WV/ 

K*ffiKilfti£©tei£t-y h777>^6 2t)> 

*> y TflSf- ^5rSC L K©£-b 9 ^ y v'-eSt 9 &tf 0 
[00 5 5] — M*J©R/Wty h*3j:l/R 

Sty h^^H-rS^S* 5 ^^^-, **©/<>f HW* 
*aBfc«JfclEiiH-5 3. #J;itf> ^RAM 

4©«8$C©'M h«:S£fcTig«ttfc«ftjt<5»£\ * 
V)\Z*9- h'U FfR/Wf7 h£"0\ R S t'y h 
«r"l"l=«Si-<5t, ^©&tfx*- HSUiSI 

5c ;rot^$,TRAM4©tix.7K^S;Mt5 
C PUT K^*^y?6lil^ 

c-f i; ^ v ht5 i 5i: Ltfcsof, cpuiii 
CPXJT Y\s*D7^9 Q*WfcM±v hir5&mt% 
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[0 0 5 6] ±|EH16«^ ^^tfJEATOfffflS*** 5 *) 

(1) *^HlttHaHR«)fcfc*K:^^ci-/PSrtT5fc 
#><D*? u-;i>&7jkTf1%fel>' t S?>9 1 5 t^^c-A-K 

s/ 1 6 srguau ^tEm^<om^ff^^ 

7 a —;u Srfr 5 *^=ff mi" 3 » ©tf— ffc& 
ffllHl^2 0i:, ^Sr^S**^*^*-:'**** 
&};iv-7 Y-fZ>tL#><D*? o— h u-v?*^ lit 

(2) rKl-J:i5, #j£©*^lc*j-L.-c;*i>.-;*.;*7 

(3) $^JCJ:fE^^n-/vSrtf 5 i: t K=3f 7 * => 
- K2r^i-S*^RAM4F*3©'7 ? -^?r»mx.3^S 
«^<, r©.£Uc:fcV'>TCPU 1 ©^a^gja-etT^: 

(4) wittf*#mi»*tfo/j^aHBfc*5^-ci»fe*i» 

20 fc^y-<-yrtT-^^fTfelc:^^?)'ttK©ffi$g^*Sr 

^ UT^ < J: 5 /i^-efe 

( 5 ) -> y TA4SSk9JK.v if XZ-Wm VtcWiM t' y h?«© 
30 ^a{C|K)^LT^fc*y h^^y^ 6 2^y-fey h LT 

■ hmtiLX<n7-?teT£Z®m-tZ* k\zS:<9^ CP 
U 1 t©Prg-C©T f — ^ t'y h©"fix*5^bTt.^©IS» 
t'y hyi]©*afc»F^bTei5l#IW*rjE«fc*i»*** 

(6) ffi*«-7-SOD«::fr-*-5CPUlfc±5ttautt 

f y hflli-tfrUaRK R/Wty KSrl£m-r5©T% # 
iZ>^iK^U3U©«]m^.SrSCLK, SID. SOD© 

40 (7) >t7 *-*<7>^m*um-tz>z. 

•3, 145^ ny*flr*i LT©SCLK»c|sl«UT:tt 
tf . »*J4«Jg© ^ n y * iff -§•;£ L < tf 9 4 > 

»J»+* C P U 1 tf— »W4 > H7/W^7i-7| 
L< tf#- h^*LTi^tf «fc< , ftA«^<HW^B© 
*Jffl)±^ t b T Jt^JEV ''teffl T- if © «fc -5 ft C P U T' t 
*JE<fiJfflt?#aJ: 5tft5. 
so [005 7)011 tC»±*|gBJ©^ 2 ItttftlCftSttA 
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5 0 0l.TlftWUfc1><OtlRl-«SBSr*"r5IilB^n -y 
^tttra— W**f*UT*O»iN^BISr**i"5 0 Ell 

» 2 4 Id* * n -/W^^tfrfg^ ^111 * s ttJP $ 
ftTi^5 0 :.©7^ D-;i*Sffi»S^# 1 1 1 
tt\ C.PU^^7x-7 7^ttCPU 1 fcTttJiS. 

1,1 1 fctt^^-o— /u*rtr5**«offi«*«*»#a 
l l lTMJfcSiufc*5*K:#U ^?o^Ky 

3 y^^H2 4 i^n— /WMWlslft-1 15t^^ 
[0 0,581 Ell 2^tt±ffi^^o--^^fca6(Oi¥*lB^ 
H 6X8.K* h-e*j*Sft.5* + 5^#7*yM# 

[0 0 5 9.] iai ( 2^ioV>Tn-g:^tb[H]K2 0ttl2 2 

a%1?»jeu^^l'5KKftS.ixS4^y KotfffitSr 
Jfc«U art" Still 3G>;*#n— /p*?— S« 

I38S1 13lt m^**^***?**^* M2t7 30 

* p— /v«*«f * 1 1 licRj£$Jv5 8 tr * - - 

ii2»i7>f ^fttx^iwifcf* * 

* 1 61f»Jg*lx*:6 bTjy ho** p-A< Ks/ Hr&ffi 
^i"^o hlHltel 1411 *^p— ^Srfi^S^Mfi 
»BB«lt±IE6 try h^^D-;vK$/ UrSrttiau 

D-;W7 b l/i/^^ 1 1 C^tSo *^p — ;V - 4 o 
tT-ftW* 0 5^fcl^^D — /Hff— *«* * 6 n * 
^■e*5i*, y-HSB8 3 lSfctty-MHBl 
1 4tt**n— ^K* h*«*«-i§-S EL<D6 tTy h*S 
±T!Sil0t^5J:5l^7^tt, ^fg^SELS: 
^^ p-;^>7 h^7^ l lfcflfelM-a. Ufc^o 
X, p — /uKy M^v7^ l 6 

l 5-CJije£ix5;** p-zv^—ffcU ^ouv? 
**1 1 1 -CJ|J|$^5^ ^^-^«flc-Sc Lfc^A:lt ; 

u—;\,i/7 h Uv^7^ 1 1 HM$il5 e so 



£0 

[0 0 6 0] gll 3fctt±|BO#>.5^^38^J*S*$ 
tt5o 4> I4^fe* 4HJ«MMfc:#* ltTB*»fe4tTB* 

^ p-/i*»Kt»S^^^ l l- 1--C** u-yv«££ 
tbfc*^«TOlEft^P^^(D^/^ u^oute4a 0 . *^p 
-/v K s> h fitfg^fg^ SELH' ±|EC0^ ^ o - /l^JHIIB 
^D-/wKi< hJ^S^**l : 6fc:ftW£ftT^5 

[0 0 6 1] IS1 4Xt/EH : 5fctt^-eB<^**«f^*Sr 
>^^n— ^-rs^^lR^igoX (A) -(D) Ktf 
£ tu5 0 * ^ a — /l^^frfg^ U^x^ 1 5 /V 3 

c^^2fi : gO^^ n— /VSrJg^U. p — A*SMfr*B 
jgl/^fl 1 1 T^°^/W3c0 2«f 5 @^^ 8tfr g^^^ 
Dr-^S:Jg^"t-S 0 ^1>T (A)^ (D) ..©.J:5fcJW*r 

9 „ 3 2 ft &<0 2 «f I frb 8 «t S O 7 £^ 
^;: ^P-;vKy hfiffi^u^^ l..6-e»**^5 

[0 0 6 2] ±1E^ * p — /V^frfgJfe W v 1 * ^15ft 

ti/^^ l l l.(c:J:5**«f*ffl[<OK^fcRR)e*n5 

tfy h^S i (Ob -y^l/3©-2«f g£il»^* 

[0 0 6 3] [Hi 6\zte*&W<Dm3mMM\z&Z)%i& 
^$Mf 1 0 2Srffl^fc^7 L A^0i|365^Six 
So iaiTlftP^bfct^tl^-«fig^^i-50K^oy 

HK*SixStt»**/^vi o 3tt, WfcWJ|R*ix4 

5X8 f07i-yhM^l 2|fTltTt^/T 

Ml^^o 0 BloXlkM&RHKic, M*i^^ 

10 3 \zm^ir^ # X^(DX^ - Ktt C P U 1 
RAM4»C*#5itf 0 *#ai*^fc5C^3- Kll 

Offild^f ljfTl^tooT»^RAM4^^UJ 

^ROM5i>b5^s/ b*fit*7#yhf-^^a3 
-^Sit5<; :05.fc'<7 h¥tt<^7^ V Kr-#^7 

^tftig ?S li o x* v- y t /uf* — * \z.^m ^ ti. 
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i^yy 1 2^tTt^ybiilK7>f^l 4\-m& 

[ 0 0 6 4 ] *mMMX*l,*±t&x A-yy y o — 

y ->3 ^1/^^112 4td^x.T, yy b-;V$iJ 
»iW$B£!Ef§rt-3yy B-;H/v?yy 7 0 / Ks/ MW4 
(iS^^S:) ©yy B-;v£fr 5 fcfccoyy o-;umM 

"7^ h"f3yy b — ? ^ 9 0, yyB-yv 

i 5t-t><OT*fc5« yyB— /H/v'yy 
7 OfiCPUl^CPU^y-yi-y 7£r;frLT:$$ 

[006 51-01 7trtt*Hm«SJt-*3l1-S^^ d— /I/© 

^jh««^ihi^8 o^y y n-^Ki^<DF^Ps^rflin*>^ 
f*y b 5, y {=-§-£ ^ 

U- y 8 2©ffi;ft£^v^;/uy^8 3T-ai^LTFr3£ 
mm<DX? n-/Hl#Hf-§-8 1 Srm7J-r5J:5}C/j:T^ 

mMit^C 1 0 m s e c ~-$C 1 0 0 m s e c V>T&<DWfrM. 

•f Vi? -9- 8 3 £ HTtr^HSo 
" • - [ 0 0 6 6 1' l£f£yy d— £->^ J 9 ofty n ;/^A 
73fflT- I NKy y B-/Hl${f -f§-8 1 09*.tf-t 
co:£±#i?^fc-l:fH§$cU m*)i%*0\JTfrt>*:<DfYm 
ffi^^D-/UKy hit IT^^o-^ h Wv?y 

y i i (cfti^i-s. y y o-/>->7 h i/^yy i i tern 

i o^a- i mm\zx y b -a- k y v t *r«« 

©7 s^[h]SS2 2cDtH^SrS«LT-fery> > h v-7 h u 
•^^12 ±!Ey y b —>\<13 7^9 01: 

fcv^T I /Dtefm;£fiSP^ifciM£cD-i' vy y / > h 
xii-r y y * ^ hasfi^Hsas^-CifcSo ^iijswc 

^ X , ^ ^ B -/V* ^ 9 0 £Offfc7J|6l ^ B - 
/PU^^ 7 0i^*rt$ttfc^^ B-^7J|S]tt# <JI2 

[0 0 6 7J ^^B-^7J!7V^ 9 0 Kfc^-C-tcDH-St 

t*-y KD^f-y hzfj-wtrnt bxtbTj-rs^-, yya 

-/^^(t-g-8 1 CO 1 [slW^-fk»c:<toT^^B— 

>y 9 ootUTjffltt i fctt-r vy y ^ v hxte^y y y- 

^K£;h,3. LfcjJSoT, * y b — ;Hl#lfB % 8 1 © 1 

y y □ —jvmmfe^r 8 i co i mm&\z 2 K^ho^^D 
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-A*£rtT5^£l-»3\ ^^B-/W^-7V^9 0coffl7J* 
TflfyH^r 0" CD^-t's/ h^0UTv;V 

^7°u^-y-2 1 coai^ffl^^ii&i-tutf «tv\ 

[0 0 6 81 y*B — >\>13*7^$ 9 0COR e s e t t±V 
hST-ffeS. yya — 0<D])±y h 

h" 0" lz®$Utis)n. ^coy-ir y h^flgii^^ b-;v 

^ p — ^ u- 9 7 0 lei f± l — ^ b — /vfifl? # 
10 W3<Dftffl 7 3iS»|ftSH, -^^n-A^TStHi 

K9itM^H5„ b — /n^TtttaiaK 9 1 tt^ 

^n— /W*i7^^9 0CDtil7Jd 5 h — ^^^.^b— /Htf 
$6 7 3(c— ifc&mLT^B-A-TJ^v^g 
0 y -fe y h L, — ilco^. ^ b — /vSrJ^T 

[00691 ik\z*m3mMm<Dttm*®.w-rz. z.<o 
ftmmvix-itxy- o-;ummis^8 1 © nunttK: 1 k 

y hco^.iJ' b— ;v&?r*> tcoti-^.. ^^tTCO^^B — 
CPU l^b h-^;i/7^D-/ui^S 
(KyhW'7 3, ^^B-/W7J(6Hf$g7 2, 
20 b — /V-ig^ ffl$g 7 1 (O^r^^ B — ^MW^B^ 5 -^^ b — ^WU- 
v?^.^ 7 0(C-try h ^jxic^^, *^p— ^tj 

7^9 011, Tl^^^fc^^B-yVJl^fg-i-S 1 C0 1 

*y^V3U*7^y^hft^£ffoT, rcDffmffl^r 

w<07y?®&2 2©m^srs^u, sf-stffi*s^$^ 

^^ijcoir^^ >r:h->7 2— CDfejU^^f^.- 

• B^i>$-tir5 0 " o— ^^-^-g OcDtllTJ^ h — ^ 
svxfu— /vm\z— lic^n?) t^rco^-C^^ b— /w* 
17^^.9 0#y-fcy h$tl-T^.A— ^.^.^n— ^H-T 
^^5. *3«i^co«jiKtj:i3V>T^i6]^^B-^ 

tetejjfa?-? b— /KDi£tp-C-C PU 1 ^^d-/U-77 
h u*S7.f> 7 l cOrt^Sr^^i? B-/n£rJg5M-5J; 5 

40 [0 0 7 01 ±xEco^|6]^.^ B-/v§r^J^»f#|2 0 K 
y h#frS»£\ *HJS«sj-ett, 12118© (A) »^^$ 
h«J:5liCPUl^^n-/v^7^ 7 0{c h— ^. 
zv-y. y □ -/wfitf « 7 3, y- y b -/v^ffiitf $g 7 2 , y 
y B-7UiSStW#7 l co#y y B-/HW^$r«#^tffc 
itT-J:v\ rcoyy b— ^wuiyyi? 7 oicS^ix^tufc 
y-^»^V\ yy B-ywJi^^|5]8S8 0(DiJtP> V 
Jlffll-tSV^yy b— yWTj 9 O^^D-^f^O 

Ky h3i^b2 0 Ky h $ x-n^-f >y-y ^ v h l, yy 
B-^>y huixyy i lfOKy h*^?>20 Yy V% 
so x-coyy B-/^g^gfj,6<)io: : fT^j X 5 o ^^^y n- 
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«<0»frfc:tt, 818© (B) fc5*£*b«J:3fc, IK WtiJtKT^^^f 2 1 C»< J: JKt5 r i 

>y d-/uS*S*KC PU1 A^ftliX^MfllS it, ±1BT fe-Tfc*(O-ocD«^0iJi:$tt^o * 

*bfi*&1\ *th2 0BOiW^3lfTfcifc03K*ttH , ftfif 10 [0 0 7 4] £A±©RW-ef±*t LT*38M#fc ioT 

[0 0 7 1] Ufc*ot/#j««0«W/7l»«i 

1 0 2KJ:ttKtv ^o->HW^fcl-*»tH-.*«»t-e [0 0 7 5] 

P u.l ©Afi*f b <-B«t 5 w t *-e# 5 0 NS> lai 20 [oo76].tm, fg#S@SriB16i-5ia^x— ^ 

[0 0 7 2] et±*«M#^J:oTft*ixfc?8MS:3l*- ^#5. 

^J^S<5l>T*flc«3^ia^bfc^, *3BWtt-ttttc:fiRS [00.7 7] p.— /u**tTlW»#«Sr«ffl-t-S - i 

[0 0 7 3] mi 7 (OmMm^-^'f!** . [ 0 0 .7 8 ] .7 ^ n -^S/T?*i».f S«rftfflt 5 r t 

v ^T*fo^ e «ittf;'Hl : -7-cO^P' , -/V*!>^*9 6'-* " [ 0 0 7 9 ] r * ^ p -yV-K s> HfiO J: 5 ^"f HS©f§5t ' 

<Dlil*Srig2O|llfi0!|-eift^Ufcy— Mh1K3 1 ^^p-/i^*ff(©*&^*lBti#»fc^LTtt*^tT 

Tv;v^i/^t2 1 <D»K*^fc:«l& U t^-h ± 5 r t fc «t 9 , p — ^^&ffitlwJ§ 

{HKS&ISI 2 mm<D— a^ffllilK 2 0 -Cfflfflli- 5 0 -<D*& ST*t 5 £ iff 3rfa±£ii:£ r t ^s-c# 3 Q 

-frfcSlW?— Sfc&ffllH]3§2 Ofcfti&i-^t^^ p— /v* [0 0 8 0] ^A-^^^p-^Srt?5 t^^^^^^ 

ttT*5lt«±^ 0 ±IBH»«-Ctt**fflTKu^ R3P*t^-C, r<DjSfc*5^TCPU<oAfiSr««-e# 

^ J"lS:t^^ ^ Hv'^ h 1 2 fc, Yy =t y <dX 5 -=e y (DmykS 

fc, -t tt^^ p-^*SrHSft/h$ < i-tbtf**f^]{-^ -<TC PU(D*SSrg® LTJiiB;* a— p— 

K^^?^8W^ y ^yhU'-W^U [0 0 8 1] Hie, :p— /i^afttJ^^ p— /u h 

p-/i-ftSr«S^^:# < ile J: 9 , C PU(D*ii$:S : U<g^-r^r 

*|p3fc^ ^ p ± 9 ti^tSw i: t>T# 5o [0 0 8^2 ]^^ y-T^^ p y LfclUffl bf -y 
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•7 u -ir y m U < ti. W * a n v t" a - * © J; 5 tz C P 
\J ii(D^( $ 7i — ^ Sr^-'fe Sv'V 7fl*9 o y ^ i£r/H v % 

■C#5J:5H:*!>, i&OTifci CxfiJJB plt&fcC PU£ 

[0 1 ] #3g9§©Sfl 1 Xttft£ffi£BA«5%fflff£B0 
[ID 2 ] ^ * n -/HW»0iSo»i»lJ5c-«Sr*-tttWBI 

[H4] «r^ufc**tTO*«raw«jfc^^.B-/ws* 

[ HI 5 ] ^d-*K?F *©.KJfeffiSr* *.7Tt 1 1 fc» 
[06] mm%-tiL<DXJ*-XX? n-/V&fr5 it©C 

p u J; Zfflffly n -co— ea&^-ttftira-rfc*,, 
[0 7] C PUijSEft^WgfiRISrvy TfriFf- 

[08] CPUt»ft**fH»3S«MSri/yT/i'-e9 f - 

[09] ->y T/v^aiLA^-yy 

• ■• -«ti^BB^»fi^B«^-rawBT»-aj- ; - 
[0io] m^m^mw^m^cpu^ 
©BMwg»ig"C*>a. 

[011] *«9J0£22Bt0!llcffi*»A*^Mft3iB 
©7"d j/^0-e*)5)o 

[012] n-/MW«EIB©BIHl4-«Sr*i-ttW 
0T'fc-5c 

[013] 01 2 0^^o— /HMBSBfci3»t5**tf 

je«**^©*B*-f ? 5 >^0 

[014] *g^Sixfc**fT*JJ:a«**«fS:B*l«jfc^ 
5. 

[015] 01 4fc«<«¥©»ff«**i-ttWH"rfc 
5. 

[016] *£9J(DB3?mft£as»A$$Mfli£B 
?:«Pfcv'7fA*^7'D ^0-CfcS. 
[01 7] 01 6©H^J»C*J(t5^^ n-/V©fefe© 
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[mi 8] mKom&mtmi 6o»:^i^^^ 

1 CPU (ty h7^' ^Dtyv'^ • ^IX h) 

I 0 2 «Aft^ffiW£{t 
3 ^ B e 0$^/^;v 
10 3 

10 4 S/^RAM 

5 ^rt7^^l/-^ROM (CGROM) 

6 CPU7K^*>>^. 

7 CPU-fy^7x-7 

8 S/T7K>^^!>y^ 

9 7K^-e^fy^t 

10 a<5 \s)\>/*y y TV^&E&g 

II 7^u-;WF^# 

12 t^yhiv'7M/^^ 

13 -fe^^h 9 SAHIBS 
20 14 t^y^fiK7^/< 

1 5 nz-y^^trJg^u^^^ 

16 P-A'Ky h-Sklsi/*? 

17 **o-^fM»|IK5 

18 3^ySSK7-1 r ^ 

1 9 3^yi^>7 f Ui/^^ 

2 0 ff-a^mie]^ 

2 1 ^A"5-7\s9V 
2 2 7 s/^ESg 
2 3. U^*. 

.30 24 yfy^ h7^V3yui/x^n 

• 2 5' : C RISIfillS- • - ■ • ' — -' L <* 

2 6 ^-fS^JMfclH* 

3 1 y-MUB 

51-58. ^ry^ESg (1) -7yfBB (8) 

5 9 hElffl*ffiigi6 

6 0 R/Wys^HJgg 
6 1 RS7 5>flEJK 
6 2 tGit'yh^^y^ 
6 3 Tttf-^7S/flHlK 

40 6 4 ±.$Lt-?7 '7f[s3K 

6 5 ^7 WV/i/ y T/HCftElB 

7 0 p-;H/v/7^ 
7 1 **n-/ua«EflMS 
7 2 k^^a-/V*|fijfflr* 

7 3 -h — ^/W^n-ypjtfffg 

8 0 * ? n - /U«ffl«4IsIIS 

9 0 

9 1 **o-/ufcTt*ffligtt 
1 0 4 ffiAS^ffifflSS 

so ill n-yV^^fg^Uv 5 ^^ 
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1 1 2 ^MfT#?V* 

1 1 3 tfr-sM£mtD?§ 

114 ¥- hlelSS 

1 1 5 B-/HMWI1IS 
COM1—COM3 2 

SEG1-SEG60 mf*'lshWSm% 

■ 2 TBtattm&v&m 
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S C L K -y U d ->/ A^ffiT- 

SID ^UT^vr-^A^S^ 

sod v-yT^f-^ia^a^ 

DB0-DB7 x-^^Mf-f- 
R/W !T- h'/y H hm^m^r 
RS u^*aBR«» 
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[03] 
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